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ABSTRACT 


The  primary  intent  of  this  work  is.  to  investigate 
computer  aided  compensator  design  using  classical 
freguency  response  technigues  in  conjunction  with  the 
technigues  of  modern  mathematical  programming.  A 
computer  program  to  perform  the  automated  design  task 
is  presented.  This  particular  algorithm  is  based  on 
the  ccnstrained  optimization  technigue  introduced  by 
M.  J.  Ecx. 

In  particular,  the  desired  open  loop  freguency 
response  is  specified  for  a  number  of  discrete 
freguency  points  over  the  freguency  range  of  interest. 
Then  the  ainimization  routine  is  used  to  vary  the 
compensator  parameters  in  such  a  manner  as  to  minimize 
a  cost  functional  based  on  the  difference  between  the 
actual  and  desired  open  loop  freguency  response  of  the 
compensated  system.  To  illustrate  the  algorithm 
several  detailed  examples  using  the  program  are 
presented. 
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I.    INTBODUCTION 


Concurrent  yith  the  proliferation  cf  the  digital 
computer  as  a  viable,  indeed  often  indispensable, 
engineering  tool,  the  development  of  state-space  methods 
resulted  in  the  application  of  the  digital  computer  in  the 
area  of  modern  control  theory  over  the  past  decade  and  a 
half.  Initially  -this  application  was  primarily  cf  an 
analysis  nature,  but  as  the  theory  of  optimal  control  came 
into  wider  publication  and  acceptance,  the  role  of  the 
digital  computer  began  to  take  on  aspects  of  the  design 
function.  This  situation  is  graphically  illustrated  bj  the 
myriad  of  industrial  proprietary  and  university  developed 
computer  programs  for  computer  aided  control  system  design 
based  upon  state  variable  and  optimal  control  theories. 
However,  as  pointed  out  by  Mitchell  [11]  comparatively 
little  work  has  been  done  to  extend  and  apply  the 
ccmputaticnal  power,  speed,  and  accuracy  of  modern  digital 
computers  tc  the  proven  classical  theory  and  methcds  of 
control  system  design.  After  this  essential  abandonment  of 
the  classical  methods  (particularly  by  the  academic  and 
theoretical  factions  of  the  control  engineering  community) 
in  favor  of  the  modern  theory  and  techniques,  recent 
publications  indicate  a  realization  of  the  need  that  both 
approaches  to  system  design  be  used  in  a  complimentary 
rather  than  mutually  exclusive  manner.  In  particular  the 
works  of  Ccffey,  MacFarlane,  Mitchell,  Page,  Rosenfcrock, 
Stear,  [5,8,11,14]  and  others  show  a  renewed  interest  in  the 
tried  and  proven  classical  thecry  cf  design  coupled  with  the 
new  technigues  and  approaches  developed  by  proponents  of 
modern  ccntrcl  theory,  as  applicable  to  the  development  cf 
usable  computer  aided  control  system  design  algorithms. 


13 


Ccntrcl  system  design  based  on  frequency  domain 
specifications,  for  linear  time  invariant  parameter  systems 
using  classical  methods,  has  traditionally  been  done 
essentially  using  trial  and  error  techniques.  That  is,  cnce 
the  fori  and  location  of  the  compensator  has  been  decided 
upcn,  the  design  process  reduces  to  cne  of  iterative 
analysis  until  the  specifications  are  met  or  it  becomes 
obvious  tc  the  designer  that  the  compensator  form  chosen 
will  not  satisfy  the  specifications.  When  systems  cf  any 
complexity  are  involved  this  method  quite  cften  transforms 
into  an  extremely  tedious  and  time  consuming  process. 

The  availability  of  a  good  analysis  program  coupled  with 
a  digital  ccmputer  operating  in  an  interactive  mode,  to 
provide  minimal  turn  around  time,  can  be  used  to  somewhat 
minimize  the  tedium  of  this  type  of  design  procedure.  By 
varying  the  compensator  parameters  the  designer  may  then 
observe  the  effects  upon  system  performance  without  having 
tc  expend  considerable  effort  in  repeated  calculations. 
This  design  by  iterative  analysis  may  be  continued  allowing 
the  computer  to  perform  the  calculations  until  the  designer 
is  satisfied  with  the  response  obtained.  With  the  recent 
refinements  in  mathematical  programming  techniques,  it  is 
possible  to  relegate  some  of  the  design  decisions  directly 
to  the  computer  program,  thus  even  further  minimizing  the 
time  and  efforts  required  of  the  design  engineer.  The 
ultimate  coal,  which  is  of  course  at  present  a  long  way  down 
the  road,  would  be  to  input  only  the  plant  dynamics  and  the 
desired  specifications  and  have  the  computer  perform  the 
design  process  completely,  without  any  interaction  with  the 
design  engineer. 

In  this  thesis  an  investigation  of  the  automation  cf  the 
design  procedure  is  undertaken.  In  particular,  giver  the 
desired  cpen  loop  response  in  the  frequency  domain  a 
ninimization  routine  is  used  in  conjunction  with  an  analysis 
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algcrithn  tc  systematically  vary  the  compensator  paraaeters 
tc  approximate  the  desired  response  in  accordance  with  a 
performance  measure  which  indicates  the  deviation  cf  the 
actual  open  locp  frequency  response  from  the  desired  open 
lccp  freguency  response. 
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II.    THE  AOTOMATED  DESIGN  PBCBLEM 


A.    GENEBAL  AOIOMATED  DESIGN  PHILOSOPHY 


The  word  design,  as  used  in  many  engineering  texts  of 
various  disciplines,  runs  the  gamut  of  describing  a  process 
dealing  essentially  with  scaling  already  existing 
configurations  and  components  to  one  dealing  with  a  highly 
creative  activity  allowing  a  maximum  amount  of  freedcm  in 
satisfying  a  set  of  reguirements  or  specifications.  On  a 
cay  to  cay  basis  the  majority  of  the  design  work 
accomplished  by  engineers  lies  somewhere  between  these  two 
extremes,  ccnbining  elements  of  relatively  routine,  straight 
forward  calculations  with  those  of  creativitj  and 
imagination. 


The  overall  scope  of  the  design  process  in  general  is 
indeed  sc  formidable  that  it  often  defies  conplete 
description  in  other  than  general  terms,  much  less 
guantificaticn  in  precise  mathematical  language.  This 
latter  is  unfortunately  a  necessity  in  achieving,  the 
autcmaticn  of  this  process  within  the  limitations  of  the 
presently  available  hardware  and  software  accessable  by  the 
engineer.  Largely  for  this  reason,  when  considering  the 
automatic  design  problem  it  must  by  necessity  be  viewed,  for 
the  near  future  at  least,  in  terms  of  a  limited  scope.  That 
is,  such  items  as  creativity,  experience,  and  intuition, 
which  are  undoubtedly  elements  of  the  total  design  process 
as  viewed  iE  its  entirety,  cannot  be  achieved  by  a  ccuputer 
as  the  device  exists  at  the  present  time.  ■ 
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One  cf  tfce  key  elements  of  any  design  process  is 
decision  making.  In  the  overall  design  process  the  engineer 
makes  decisions  based  upon  the  information  available  to  him 
at  the  tine  cf  the  design  undertaking.  Quite  often  these 
decisions  are  based  on  a  comparison  of  numerical  values  of 
various  elements  of  the  design  configuration.  It  is  ic  this 
specific  area  of  the  overall  design  process  that  the  irodern 
day  computer  can  serve  as  a  significant  tool  for  the 
engineer  inuclved  in  design,  particularly  when  a  large 
number  cf  ccopariscns  (expressable  in  numerical  terms)  are 
involved.  In  other  words,  the  computer  can  be  used  in  a 
combination  analysis  and  elementary  decision  making  role  to 
aid  the  engineer  in  the  overall  design  procedure.  Ey  means 
of  analysis  cumerical  values  may  be  obtained,  forming  a 
basis  frcm  which  comparisons  can  be  drawn.  The  analysis 
portion  is  generally  essential  for  exact  design  and  forms 
the  basis  fcr  any  optimization.  The  speed  available  in  the 
digital  computer  allpws  many  calculations  and  comparisons, 
over  a  wide  range  of  possible  solutions,  to  be  performed 
which  would  te  prohibitive  if  peformed  by  hand. 

The  employment  pf  the  digital  computer  as  an  aid  in  the 
aggregate  design  process  is  perhaps  as  much  an  art  as  the 
design  process  itself.  While  the  use  cf  computer  aided 
design  programs  can  free  the  engineer  from  many  burdensome 
and  time  ccnsuming  calculations,  the  individual  engineer 
must  still  picvide  the  framework  in  which  tc  interpret  the 
results  in  the  hard  light  of  physical  significance.  The 
engineer  lust  also  be  capable  and  willing  to  define  the 
prcblem  in  a  form  with  which  the  computer  can  work.  More 
often  than  net,  this  latter  requires  a  much  sharper,  clearer 
definition  (and  subsequently  understanding)  of  the  problem 
than  if  the  same  problem  were  being  designed  long  hand.. 
Onlike  the  analysis  problem,  which  generally  possesses  a 
specific  answer,  the  design  problem  may  not  have  a  unigue 
solution  which  further  complicates  any  computer  aided  design 
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algorithm.  Another  aspect  th«t  should  not  be  overlooked  is 
the  fact  that  when  using  a  computer  aided  design  program  the 
engineer  often  recei.ves,  if  nothing  else,  an  indication  of 
the  solutions  which  are  not  feasible.  This  in  itself  is 
often  net  a  trivial  result  especially  in  dealing  with 
systems  of  any  complexity. 

Another  important  factor  which  should  net  be  overlooked 
is  that  once  an  answer  is  obtained  using  a  computer  aided 
design  algorithm  seme  type  of  sensitivity  study  will  more 
than  likely  te  necessary.  This  is  largely  due  to  the  fact 
that  cempenent  values  in  physical  hardware  cannot  generally 
be  controlled  to  the  precision  with  which  a  computer  does 
its  calculations.  Therefore,  while  a  particular  algorithm 
for  use  in  automated  design  may  generate  what  is  indeed  a 
theoretically  plausible  solution  the  implementation  of  such 
a  solution  may  not  be  possible  if  it  is  extremely  sensitive 
to  the  parameter  values  involved. 


B.    SOME  ASPECTS  CF  COMPUTERIZING  THE  CLASSICAL  DESIGK  CE 
CCMTBOL  SISTEMS 


Classically  the  purpose  of  the  design  problem  in 
feedback  control  systems  has  been  to  make  a  given  plant 
satisfy  a  set  of  performance  specifications  imposed  upon  the 
system.  Cesign  of  linear,  time  invariant  compensators  for 
the  control  of  linear  systems  has  formed  a  major  portion  of 
the  design  efforts  of  conventional  servomechanisms.  In  the 
process  of  investigating  the  automation  of  this  design 
procedure,  certain  key  elements  were  found  to  be  generally 
necessary  in  ioplementing  a  basic  practical  computer 
algcritha  for  automated  design,  regardless  of  whether  it  is 
based  on  time  or  frequency  domain  approaches.  These 
elements  consisted  of: 
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1.  A  complete  description  of  the  plant 
or  process  to  be  controlled. 

2.  Specifications  describing  the 
response  desired  from  the  system. 

3.  Some   type   of  criterion  function  or 

Performance  measure  relating  the   actual 
o  the  desired  response. 

4.  The  form  or  structure  of  the 
compensator  or  control  to  be 
implemented. 

These  items  appear  in  varying  degrees  as  a  common 
denominatcr  amcng  present  day  automated  design  algorithms 
£1,5,11,13]  regardless  of  the  specific  methods  employed  or 
systems  teing  considered.  That  is  to  say,  these  elements 
appear  in  algorithms  designed  for  time  domain,  transform 
domain,  stochastic  processes,  and  nonlinear  systems. 
Generally  items  1.  and  4.  are  employed  in  some  fcrm  of 
analysis  algorithm  while  items  2.  and  3.  form  the  basis  for 
a  minimization  (cr  maximization)  routine  that  provides  a 
foundation  for  some  type  of  decision  making  within  the 
algorithm.  This  idea  of  using  a  performance  measure  upon 
which  to  rase  some  type  of  decision  making  routine  is  a 
direct  carryover  from  developments  in  the  computerized 
design  of  optimal  control  systems  which  relies  heavily  upon 
the  idea  of  mininizing  some  criterion  function.  Unlike  the 
technigues  cf  optimal  control  however,  the  cost  functional 
as  used  in  this  context  is  net  necessarily  a  function  cf  the 
states  and  the  applied  control,  tut  rather  a  measure  of  the 
deviation  of  the  actual  response  from  some  desired  response 
which  has  been  specified  by  the  designer.  This  is  perhaps  a 
fine  distinction  but  one  that  must  be  recognized  and  kept  in 
mind.  One  of  the  many  conseguences  of  this  is  that  there  is 
no  longer  a  strcng  motivation  to  restrict  the  performance 
measure  to  a  guadratic  form  in  order  that  the  second  method 
of  Liapunov  may  he  used  to  prove  that  a  stable  system  will 
result.  Bather,  the  form  of  the  cost  function  in 
computerized  design  based  upon  classical  control  theory  is 
chosen  to  have  properties  which  aid  in   the   convergence   of 
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tte  numerical  minimization  routine  used  in  the  algorithm  or 
which  has  scue  inherent  physical  significance  in  the  design 
process. 


C.    A  FCEMOIATICN  Of  THE  AUTCHATIC  DESIGN  EBCBLEM  IN  THE 
EBICOENCI  DC£AIN 


In  this  thesis  the  automatic  design  problem  based  on 
theory  developed  for  classical  design  methods  using 
freguency  dcoain  procedures  is  investigated.  Several 
approaches  based  on  frequency  domain  techniques  have  been 
presented  by  various  people  to  automate  the  control  system 
design  prccess  [5,11,13,14,20].  These  algorithms  range  from 
methods  designed  primarily  for  use  with  multivariable 
systems  to  specialized  interpretations  of  frequency  domain 
data  such  as  vector  frequency  domain  techniques  and  inverse 
Nyguist  nethcds.  The  suitability  of  these  various  methods 
have  been  demonstrated  by  their  respective  authors  and 
others  scrking  in  the  area  of  computer  aided  control  system 
design.  fthile  each  represents  a  step  forward  in  the  line  of 
progress  toward  automating  the  design  process  using 
frequency  domain  techniques  the  suitability  of  each 
algorithn  is  dictated  to  some  extent  by  the  particular  type 
of  design  problem  being  solved.  Many  of  these  methods 
reguire  gradient  calculations,  and  those  that  do  not  rely 
primarily  on  simplex  nonlinear  programming  algorithms.  The 
former  methcds  restrict  the  form  of  the  cost  function  to  be 
oirimized  in  the  sense  that  it  must  be  dif f erentiable  and 
problems  inherent  with  numerical  differentiating  algorithms 
are  obviously  involved.  The  latter  methods  invclving 
simplex  algorithms  have  difficulty  in  handling  constrained 
irinimizaticn  problems,  particularly  when  solutions  exist 
near  or  en  the  constraint  boundaries. 
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One  cf  the  advantages  of  th€  frequency  response  approach 
lies  in  the  fact  that  it  lends  itself  easily  to  the  use  of 
cpen-loop  frequency  response  data  in  designing  closed  loop 
systems.  The  use  of  frequency  response  methods  provides  a 
graphical  pcitrayal  of  the  system  response  that  lends  itself 
well  to  guick  interpretation  ty  the  designer.  Also  since 
approaches  such  as  those  developed  by  Bode  were  intended  to 
give  simple  approximate  methods  for  use  in  hand 
calculations,  adaptation  of  these  methods  in  a  computer 
algorithm  allcws  the  engineer  tc  plan  his  design  using  such 
techniques  and  then  employ  the  aid  of  the  computer  without 
the  requirement  cf  significant  problem  restructuring  in 
order  to  cast  the  problem  in  some  particular  format  not 
generallj  familiar  to  the  designer,  but  necessary  for 
solution  ty  a  computer  algorithm.  With  systems  involving 
complex  transfer  functions  such  restructuring  can  itself 
become  guite  burdensome  thus  defeating  one  cf  the  primary 
reasons  for  turniag  to  computer  aided  design.  Perhaps  it 
should  be  pointed  cut  at  this  point  that  even  using  a 
ccaputer  algorithm  to  aid  in  the  design  process  does  not 
totally  relieve  the  engineer  of  all  hand  calculations.  Time 
must  be  taken  to  carefully  map  out  a  plan  of  attack  en  a 
particular  problem.  In  essence  the  designer  must  throughly 
understand  the  problem  and  this  is  generally  achieved  by 
seme  preliminary  rcugh  sketches  and  calculations  before  the 
computer  ever  makes  its  appearance  in  the  design  process. 

Throughout  this  thesis,  the  vehicle  used  for  presenting 
the  autcmated  design  algorithm  is  the  single-input 
single-output  unity  feedback  system  of  the  form  shown  in 
figure  II-1. 
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General  System,  Block  Diagram 


figure  II- 1 
Ihe  plant  is  considered  to  be  linear,  time   invariant,   and 
ccupletelj   known.    Thus   the   plant   may  te  described  by  a 
rational  transfer  function  in  the  Laplace  variable  s  of   the 
form 


G(s)  = 


T  (s  +  z  ) 

i=0       i 


(s  ♦  p.) 

1 


i=0 


where  z   and  p   may  he   complex  constants 
i      i 


Ihe  compensator 


G  (s)   is  also  considered  to  be  a  rational  transfer  fucction 
c 


The  specifications  are  given  in  terms  cf  the  systei  open 
locp  fregueccy  response,  and  the  desired  response  is 
achieved  by  reshaping  the  system  open  loop  freguency 
response  thrcugh  the  use  of  the  compensator  in  the  feed 
forward  path.  This  basic  procedure  is  well  known  tc  most 
control  engineers  and  is  by  no  means  a  novel  approach  to  the 
design  croblem  [3,^0,17,18],  but  through  the  years  it  has 
found  extensive  use  in  the  practical  design  of  control 
systems. 
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The  method  proposed  and  under  investigation  here   is  a 

relatively   straight  forward   adaptation   of  this  technique 

with  a  computer  algorithm  harnessed  to   do   the  compensator 

parameter   variation   in  order  to  systematically  reshape  the 

system  open  loop  frequency  response  with  a  minimum  amount  of 

calculation   and   iteration   required   on   the   part   cf  the 

designer.   The  desired  open  loop  response   is  specified  by 

means   of   a   magnitude  and  phase  profile  ever  the  frequency 

rarge  of  interest.   This  is   nothing   more   than   a   set   of 

desired  magnitude  and  corresponding  phase  values  at  discrete 

frequency  points  selected  by  the  designer.    In  addition   a 

specific  form  or  structure  is  postulated  for  the  compensator 

transfer  function  G  (s) .   At  this  point   cf   the   automated 
c 

design   process   the   algorithm  relies   heavily   en   the 

experience  and  intuition  of  the  individual  designer  in 
cheesing  a  structure  or  form  of  compensator  that  will  have 
seme  reasonable  probability  of  success  in  reshaping  the 
frequency  response  curves  in  order  to  satisfy  the  design 
specif icaticn.  Since  no  firm  analytical  basis  exists  for 
the  determination  of  a  specific  structure  for  the 
compensator,  the  computer  algorithm  must  be  given  this 
information  or  an  iterative  method  based  on  some  type  of 
criterion  must  be  used  in  order  to  establish  the  form.  This 
latter  method  was  felt  to  be  much  too  time  consuming  and 
restrictive,  because  of  the  wide  range  of  variations  in 
possible  structures  that  might  have  to  be  considered,  and 
essentially  teyond  the  scope  of  this  investigation.  Thus 
the  choice  of  the  compensator  form  is  relegated  to  the 
program  user  as  a  design  decision  that  must  be  undertaken 
prior  to  using  the  algorithm  to  determine  specific  values 
for  the  coefficients  of  the  compensator  transfer  function 
that  will  yield  the  desired  response.  This  procedure  should 
net  present  a  majpr  stumbling  block  for  the  designer 
provided  that  he  possesss  a  thorough  understanding  cf  the 
problem  to  be  solved.  In  fact,  by  inputing  the  specific  form 
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of  the  compensator  the  designer  may  investigate  compecsator 
configurations  which  might  otherwise  be  considered 
unfeasible  for  the  solution  of  the  problem  if  some  type  of 
iterative  algcrithn  were  used  in  determining  the  structure. 
Hith  these  items  forming  the  basic  inputs  tc  the  algorithm  a 
nonlinear  performance  measure  coupled  with  a  minimization 
routine  is  then  used  to  minimize  the  difference  between  the 
desired  and  actual  frequency  response  of  the  open  loop 
transfer  function  given  by, 

T(s)  -  G  (s).G(s) 

c 

The  performance  measure  (or  cost  function)  selected  is  of  a 
normalized  form  primarily  as  a  matter  of  convenience  in 
interpreting  the  algorithm's  results  regardless  of  the 
particular  problem  being  considered.  That  is  ,  the  cost 
function  fcas  a  general  form  given  by 

J(!te)  ■  f  (1-0  -  n  J~  ) 

where  D  ( ja>)  represents  the  desired  open  loop  freguency 
response  of  the  entire  system,  A(ja>)  is  the  actual  open  loop 
response,  ard  «  represents  the  set  of  discrete  freguency 
values  at  which  the  cost  function  is  to  be  evaluated.  As 
mentioned  previously  this  general  form  of  normalized  cost 
function  vas  selected  primarily  as  a  matter  of  convenience 
in  that  a  particular  cost  function  can  be  constructed  in 
such  a  manner  that  the  optimal  or  smallest  value  of  J(jo>) 
under  ideal  solution  of  the  problem  will  be  zero. 

By  inputing  the  desired  response  in  the  form  of  the 
magnitude  and  phase  profile  described  above,  normal 
freguency  domain  specifications  such  as  gain  margin,  phase 
margin,  and  bandwidth  (here  defined  as  the  open  loop  gain 
crossover  freguency)  may  be  supplied  to  the  algorithm  in  one 
type  of  format.  With  these  specifications  forming  part  of 
the   gair   acd   phase   profiles   they   are   automatically 
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incorporated  into  the  overall  cost  function  each  tine  the 
algoritha  evaluates  the  frequency  response  of  the  open  loop 
system  ever  the  range  of  frequencies  specified  ty  the 
designer,  thus  also  eliminating  the  requirement  of 
speciali2ed  computation  within  the  algorithm  to  check  for 
satisfaction  of  these  particular  specifications  as  the 
compensator  parameters  are  varied. 
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Ill-    TJE  MINIMIZATION  TECHNIQUE  USED 


GENEBAI 


A  variety  of  functional  minimization  techniques  have 
ccme  into  use  in  recent  years  are  discussed  in  ref.  [8]. 
The  minimization  algorithm  used  in  this  work  was  developed 
originally  ty  M.  J.  Eox,  [4],  and  is  capable  of  finding  the 
tinimum  cf  a  general  nonlinear  cost  function,  composed  of 
several  variables,  within  a  constrained  region.  The  complex 
method  of  Eox  has  keen  implemented  in  program  form  as  part 
of  the  standard  subroutine  library  at  the  Naval  Postgraduate 
School  8.  E.  Church  Computer  Center.  The  subroutine 
(BCXPLX)  ,  was  originally  programmed  by  B.  B.  Hilleary  cf  the 
staff  of  the  Naval  Postgraduate  School  Computer  Center  and 
has  subsequently  been  modified  slightly  by  the  author  in 
order  to  render  it  more  suitable  for  use  in  the  scheme  of 
the  compensator  optimization  program. 

In  addition  to  its  availability  as  a  standard 
subroutine,  several  other  features  of  this  particular 
ainimizaticn  algorithm  made  it  an  attractive  choice  for  use 
in  minimizing  a  cost  function  based  on  frequency  domain 
specifications.  lihile  admittedly  more  efficient  and 
sophisticated  algorithms  for  function  minimization  are 
available,  tte  flexibility  and  ease  of  programming  of  the 
complex  method  of  Bex  are  among  considerations  that  should 
not  be  overlooked.  This  method  does  net  require  that  the 
derivatives  cf  the  cost  function  or  implicit  constraints  be 
calculated,  thus   avoiding   the  sundry   problems   typically 
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associated  fcith  numerical  methods  for  the  calculation  of 
derivatives,  and  eliminating  the  restriction  that  the 
derivative  cf  the  cost  function  exist  over  the  range  of 
interest.  In  implementing  the  minimization  method  the  cost 
function  need  not  be  expressed  explicitly  in  terms  cf  the 
variables  tc  be  manipulated  by  the  program  in  the 
■irimizaticn  process.  Unlike  many  of  the  other  minimization 
prcgrams  available,  BOXPLX,  also  provides  a  restart 
capability.  lhat  is,  once  a  possible  minimum  value  cf  the 
cost  functional  is  reached  the  program  automatically 
restarts  frcm  randomly  generated  initial  values  cf  the 
variables.  Shile  this  method  by  no  means  guarantees  that  a 
glcbal  minimum  will  be  achieved  for  every  conceivable 
problem  the  restart  capability  does  at  least  somewhat 
attempt  tc  avoid  the  problem  cf  the  minimization  terminating 
on  a  local  minima  within  the  search  area.  This  methcd  is 
also  tc  seme  extent  scale  independent  in  that  the  size  of 
the  initial  cecmetric  figure  used  in  the  search  for  the 
minimum  value  cf  the  objective  function  is  rcughly  scaled  to 
the  order  cf  the  problem  variables,  through  the  use  of  the 
difference  between  the  lower  and  upper  bounds  en  the 
variables. 

As  is  the  case  with  other  minimization  algorithms,  this 
particular  cce  is  not  void  of  inherent  disadvantages  and 
difficulties.  Present  in  any  minimization  algorithm  of 
course  is  the  recurring  problem  that  no  guarantee  can  be 
made  of  achieving  a  global  minimum  for  all  classes  of 
problems.  The  complex  method  cannot  handle  eguality 
constraints  without  modification  of  the  algorithm.  Also  as 
the  number  of  variables  increases  the  method  rapidly  becomes 
inefficiert.  Finally  the  unconstrained  problem  is 
apparently  mere  efficiently  handled  via  gradient  technigues. 


B.    DESCBIPIICN  01  THE  ALGORITHM 
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The  ninimization  method  developed  by  Ecx  has  its  tasis 
in  the  sequential  simplex  techniques  of  linear  prograiming, 
but  is  specifically  designed  to  obtain  solutions  to  problems 
cf  constrained  optimization  and  to  avoid  such  probleas  as 
the  inability  of  constructing  the  first  siaplex.  Thus  the 
resulting  solution  of  the  minimization  problem  is  a  set  of 
variables  which  nay  lie  at  the  extreme  edges  or  boundaries 
cf  their  permissible  ranges.  The  problems  generally 
associated  with  constraints  on  the  variables  is  essentially 
attacked  by  tsing  a  flexible  geometric  figure  having  n  +  1,  or 
more,  vertices  and  capable  of  expanding  or  contracting,  in 
any  or  all  directions.  Therefore,  unlike  many  of  the 
siiplex  algorithms  no  provision  is  made  to  maintain  a 
regular  cecnetry  between  the  various  points  in  an 
n-dimensicnal  space,  but  rather  a  changing  structure  (dubbed 
a  complex),  capable  of  flattening,  rounding  corners,  and 
eventually  ccllapslng  on  the  point  representing  the  minimum 
of  the  objective  function,  is  employed  rendering  the  aethod 
more  flexible  in  handling  constrained  minimization  problems. 
The  number  cf  independent  variables  in  the  objective 
function  and  constraint  equations  dictate  either  directly  or 
implicitly  the  dimensionality  cf  the  space  to  be  searched. 
The  vertices  making  up  the  complex  are  continually  rejected 
and  generated  as  a  search  for  the  minimum  cf  the  objective 
function  is  carried  out  with  each  new  vertex  generated  being 
reguired  to  satisfy  all  the  imposed  constraints. 

The   complex   method  searches  for  the   minimum   of  an 

objective  function  J  (x) ,  where  the  vector  x  represents  a  set 

of   n   variables,   within  a  region  of  space  bounded  by  upper 

and  lower  linits  on   the   variables   (explicit  constraints) 

given  by, 

L   <  x   <  U   ,  i=1,2,3,. ..,n 
i    i     i 
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and  in  addition  subject  to  the  restrictions  imposed  by   the 
constraint  functions  (implicit  constraints)  cf  the  forn, 
h  (x)  >  0  j=1,2,3,... ,m. 

As  with  the  simplex  methods  this  is  an  iterative  algorithm. 

It   uses  a  set  of  k  >  n+1  points  which  form  the  vertices  of 

the  complex   and   simultaneously   satisfy   all  the   imposed 

constraints.   Initially   only   one   point   or   vertex   must 

satisfy  all  the   constraints  and   serves   as  a   means  of 

Generating   the  other   k-1   vertices   through  the   use  of 

pseudorandcn  numbers  r  ,   uniformly   distributed   over  the 

i 

closed   interval   from  zero   to   one.    The  additional  k-1 

vertices   cf   the   first  complex  are   established   bj   the 

following  fcraula: 

x  =L   +r«(U   -  L  ) 
i    i    i   i    i 

As  can  £€  seen  frcm  the  formula,  the  vertices  generated   in 

this   fashion   will  always  satisfy  the  explicit  constraints, 

however,  each  cne  must  be  checked  to  insure  compliance   with 

the   implicit   constraints.    If   an   implicit   constraint 

violation  is  indeed  found  to  occur  at  this   stage   then   the 

trial   vertex  is   simply   moved,   repeatedly   if  necessary, 

halfway  in  tcward  the  centroid  of  the  ether  already  accepted 

vertices,   until   ultimately   a   feasible   point   is   found. 

Continued  application  of  this  procedure  will  result   in   the 

generation   cf   the   k-1   additional  points  required  fcr  the 

initial  complex  within  the  feasible  region   defined   bj   the 

constraints. 

Cnce  the  initial  complex  has  been  determined  the 
iteration  proceeds  fcy  evaluating  the  objective  function  J  (x) 
at  each  vertex.  The  vertex  at  which  the  objective  function 
has  the  largest  value  is  then  designated  as  the  current 
worst  vertex  and  this  point  is  reflected  through  the 
centroid   of   the   remaining   vertices   establishing   a   new 
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tf 
complex.   If  this  worst  vertex  is  designated  as  x   thee   the 

overreflecticn  is  accomplished  according  to  the  formula 

N  CR  w 

x   -  (1.0  +  alpha) «x   -  alpha«x 

CB 
where  alpha  >  1.0  is  the   overreflection   coefficient,   x 

N 

represents   the  centroid  of  the  remaining  vertices, and  x   is 

the  new  vertex.  If  the  overreflection  of  the  current  wcrst 
vertex  results  in  a  violation  of  the  constraints  or  if  the 
new  point  still  has  the  worst  value  in  the  set  of  vertices 
then  the  point  is  moved  halfway  toward  the  centroid  used  in 
the  overreflection  process.  This  retraction  is  repeated  (if 
necessary)  until  the  overreflection  coefficient  is  reduced 
to  some  snail  value,  delta,  or  a  suitable  new  vertex  is 
established.  If  the  overreflection  coefficient  is  reduced 
to  the  value  delta  and  the  objective  function  value  at  this 
new  point  is  still  the  worst  in  the  set  of  vertices  then  the 
projected  vertex  is  replaced  by  its  original  value  and  the 
second  wcrst  vertex  will  be  overreflected  instead.  This 
process  keeps  the  complex  moving  toward  the  minimum  of  the 
objective  function  provided  the  figure  has  -not  collapsed 
into  its  centroid.  Once  assured  that  the  new  cemplex 
satisfies  all  the  constraints  and  results  in  an  improvement 
of  the  otjective  function,  vertices  of  the  complex  are 
rejected  and  generated  in  a  systematic  manner  aimed  at 
minimization  of  the  objective  function.  Thus  essentially 
the  complex  moves  over  the  feasible  region  eventually 
straddling  and  collapsing  upon  the  point  that  renders  a 
nirimum  value  for  the  objective  function. 

This  process  continues  and  is  eventually  terminated  when 
the  complex  shrinks  to  a  predetermined  acceptable  small 
value  epsilcr  given  by: 
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{  iE 


C  V     2/0.5 

[  J  (x  )  -  J  (x  )  ]      <  epsilcn 


1=1 

C 
Where  J  (x  )   represents  the  value  of  the  ofc jective  function 

V 
at  the  centrcid  and   J ( x  )   is   the  value   at   the   various 

vertices. 


As  pointed  out  by  Box  [4],  the  exact  values  of  the 
overreflecticc  coefficient,  alpha,  and  the  exact  numter  of 
vertices,  k,  do  not  appear  to  be  critical  to  the  functioning 
of  the  algcrithm  provided  that  they  are  greater  than  unity 
and  n+1  respectively.  The  main  concern  here  is  that  a  value 
of  alpha  larger  than  unity  keeps  the  complex  from  shrinking 
prematurely  as  it  traverses  the  feasible  region  in  search  of 
the  minimum  ctjective  function  value.  Values  of  alpha  =  1.3 
and  k  =  2n  as  given  in  ref.  4  are  used  here  since  the  exact 
values  chosen  are  apparently  not  critical  and  good  results 
have  been  reported,  by  the  originator  of  the  algorithm, 
using  these  particular  values.  For  a  detailed  example  of 
the  iteration  process  and  a  more  sophisticated  explanation 
of  the  algorithm  the  interested  reader  is  directed  to  refs. 
2,    4,  and  6. 
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II.    PEOflEAM  DESCRIPTION  AND  UTILIZATION 


A.    DESCEIETICN  OE  ALGORITHM  IMPLEMENTATION 


The  frequency  domain  algorithm  described  in  the  latter 
part  of  Chapter  II  has  been  implemented  in  program  form 
using  FCBTEAN  IV  ceding  and  configured  for  use  on  the  IBM 
360-67  computer  system  available  at  the  Naval  Postgraduate 
School  Computer  Center.  With  the  exception  of  the  graphing 
subroutine  tie  remainder  of  the  program  is  self  contained 
and  may  be  used  on  any  computer  system  having  a  standard 
EOETRAN  IV  compiler.  Without  the  overhead  routines 
reguired  of  the  graphing  subroutine,  the  basic  program 
reguires  approximately  180k  bytes  of  cere  memory,  and 
including  the  core  requirements  of  the  plotting  routines 
roughly  210k  bytes  of  memory  are  required  by  the  prcgram. 
While  admitedly  less  core  would  be  necessary  if  such 
techniques  as  array  overlaying  were  employed  when 
prcgramming  the  algorithm,  it  was  felt  that  for  simplicity 
in  following  the  flow  of  the  program  by  future  users  these 
techniques  were  best  left  unused. 

The  computer  aided  linear  time  invariant  compensator 
optimization  prcgram  (CALICO)  is  essentially  composed  of 
four  main  parts  with  numerous  additional  small  subroutines 
functioning  in  supportive  roles.  Since  often  a  program  user 
may  wish  to  perform  certain  modifications  to  prograns  of 
this  nature  in  order  that  they  may  better  serve  his 
particular  purpose,  Appendix  A  provides  a  description  of  the 
supportive  subroutines  used  within  the  program  to  facilitate 
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accomplishment  of  any  program  modifications  that  may  be 
desired.  A  block  diagram  of  the  major  components  cf  the 
overall  program  are  shown  in  figure  IV-1.  The  main  program 
serves  primarily  to  input  data  describing  the  system  under 
consider aticc  and  to  output  the  values  of  the  roots  and  the 
gain  of  the  compensator  that  will  best  achieve  the  desired 
response  in  accordance  with  the  cost  function  selected. 
During  program  execution,  the  main  program  also  series  to 
direct  the  seguence  of  execution  of  the  other  major  sections 
of  the  CillCC  algorithm. 

Since  the  plant  and  compensator  are  assumed  to  be  linear 
time-invariant,  they  may  be  completely  described  by  transfer 
functions  in  the  independent  Laplace  variable  s.  Once  the 
plant  and  assumed  fcrm  of  the  series  compensation  are  input 
alcng  with  the  profiles  forming  the  desired  phase  and 
magnitude  response  program  control  proceeds  tc  the 
minimization  subroutine,  BOXPLX.  From  the  point  of  view  of 
computer  aided  control  system  design,  associated  with  this 
subroutine  are  two  key  function  sub-programs,  FE(X)  and 
KE  (X) .  The  furction  sub-program  FE  (X)  performs  the 
calculation  cf  the  system  open  loop  frequency  response,  at 
the  discrete  freguencies  provided  in  the  input  data,  and 
calculates  the  value  of  the  cost  function  based  upon  the 
difference  between  the  actual  and  desired  frequency  response 
at  the  discrete  frequency  values.  Six  separate  cost 
functions,  from  which  the  program  user  may  select  one,  are 
incorporated  into  this  function  sub-program.  The  value  of 
the  cost  function  is  used  by  the  minimization  routine  to 
vary  the  ccmpensatcr  parameters  in  order  to  minimize  this 
guantity.  ihe  function  sub-program  KE  (X)  checks  fcr  any 
violation  ci  the  implicit  constraints,  which  in  this 
particular  case  are  concerned  mainly  with  the  presence  of 
right  half  plane  roots.  The  implicit  constraints  used,  also 
impose  limits  on  the  real  and  imaginary  parts  cf  the 
numerator  anc  denominator  polynomials  evaluated  at  any 
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MAIN  PROGRAM 


Read  input  data 


Output  optimized  results;  call  simulation 
stability,  and  plotting  routines. 


SUBROUTINE  BOXPLX 
Systematically  varies  the  compensator 
parameters  to  minimize  the  cost  function  J.   If 
the  number  of  trials  is  exceedid  the  best 
solution  achieved  to  that  point  is  selected  as 
the  solution.   If  the  cost  function  remains 
unchanged  for  a  specific  number  of  trials  the 
minimum  is  considered  as  having  been  achieved. 


~k 


FUNCTION  FE 
Calculates  the  fre- 
quency response  of 
the  open  loop  system 
at  the  discrete  val- 
ues specified  in  the 
input  and  forms  the 
difference  between 
desired  and  actual 
response  making  up 
the  cost  function. 


FUNCTION  KE 
Checks  for  right 
half  plane  roots 
and  violation  of 
other  implicit 
constraints . 


SUBROUTINE  SIMULA;  Calculates  the  open  loop     L._ 
frequency  response  using  optimized  parameters .  | 


SUBROUTINE  GRAPH;  Plots  the  desired  graphs    ~^ 
specified  bv  the  user. . 


Program  Block  Diagram 
Figure  IV-1 
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particular  irequency.  These  latter  limits  are  a  direct 
result  of  tbe  finite  computer  word  size  and  the  particular 
method  csed  to  represent  numerical  values  withir  the 
machine's  memory.  Beth  of  these  factors  have  an  effect  in 
determining  the  maximum  and  minimum  size  numerical  value 
that  may  te  represented  within  any  particular  computer. 
Bhile  tbe  coefficient  values  determined  by  the  minimization 
routine  will  net  exceed  these  maximum  or  minimum  values,  the 
real  and  inaginary  parts  of  the  numerator  and  denominator 
polynomials  evaluated  at  a  particular  frequency  are  sguared 
during  the  process  of  determining  the  magnitude  cf  the 
frequency  response.  Without  the  implicit  constraints  these 
sguared  values  can  exceed  the  size  of  the  numerical 
capability  of  the  machine,  particularly  in  the  case  cf  high 
order  sjstems,  causing  premature  termination  of  the 
algorithm  and  hence  failure  in  obtaining  a  solution.  Cnce 
tie  minimization  subroutine  determines  the  coefficients  that 
result  in  a  ninimum  value  of  the  cost  function  or  the 
minimization  process  is  terminated  for  other  reasons, 
prcgram  ccnticl  is  transfered  back  to  the  main  prcgram. 
Here  the  icots  and  gain  of  the  compensator  which  resulted  in 
a  minimum  cost  function  are  calculated  and  output.  The  open 
loop  frequercy  response  of  the  sytem  is  then  calculated 
using  a  mere  densely  distributed  number  of  frequency  values 
than  would  normally  be  selected  by  the  designer  for  use  in 
the  minimization  process.  This  is  done  largely  to  show  the 
existence  cf  any  resonant  peaks  which  might  otherwise  be 
straddled  and  not  apparent  if  only  the  discrete  frequencies 
selected  by  the  designer  were  used  in  the  plotting  routines. 
The  stability  cf  the  entire  system  is  then  checked  by  adding 
the  open  leep  numerator  and  denominator  polynomials  and 
applying  tbe  Ecuth  stability  criterion  to  the  resulting 
polynomial  which  is  the  system  characteristic  equation. 
Firally  the  results  at  the  discrete  frequencies  specified  by 
the  designer  and  the  "continuous"  curve  generated  ty  the 
SICOLA  surrcctine  are  output  en  Bode  and  gain   versus   phase 
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clots.  In  addition,  plots  of  the  difference  between  the 
desired  and  actual  results  at  the  discrete  frequencies 
specified  by.  the  designer  are  output  in  crder  to  aid  the 
designer  in  Baking  any  modifications  to  the  form  of  the 
ccupensator  that  nay  be  necessary  in  order  tc  better  satisfy 
the  system  specifications. 

As  stated  in  the  previous  paragraph  six  separate  cost 
functions  have  been  incorporated  into  the  function 
sut-program  EE(X).  The  first  three  of  these  are  cf  the 
error  squared  type  and  the  latter  three  are  cf  the  absolute 
error  type.  These  six  cost  functions  represent  various 
combinations  cf  one  .minus  the  actual  response  divided  fcy  the 
desired  response  at  the  discrete  frequencies  under 
consideration.  These  pre-defined  cost  functions  are 
provided  as  a  matter  of  convenience  in  using  the  program  and 
certainly  do  net  prevent  the  user  from  defining  his  cwn  cost 
function  provided  this  is  placed  within  the  FE  (X)  function 
sut-program.  The  first  cost  function  combines  the  deviation 
of  both  the  desired  magnitude  and  phase  responses  frcm  the 
actual  magnitude  and  phase  responses  of  the  open  loop 
system.   That  is  the  first  cost  function  is  cf  the  form 

/        AMAG  (o»)  \    /        APHASE(o>)  \ 

1.0 -^i-   +   1.0 ~ ^~ 

\        DMAG(o»)  )  \  DPHASE(a»)  / 

where  AfiAG  and  APHASE  are  the  actual  magnitude  and  phase 
response  cf  the  open  loop  system  and  DMAG  and  DPHASE  are  the 
desired  nagEitude  and  phase  respectively.  These  quantities 
are  evaluated  in  the  cost  function  and  summed  ever  the 
discrete  freguency  values  in  the  specified  range.  The 
second  cost  function  which  the  user  may  choose,  uses  solely 
the  deviation  of  the  actual  magnitude  response  desired 
magnitude  response  evaluated  at  the  discrete  freguency 
values.   ihcs  this  cost  function  is  of  the  general  fern 
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J(») 


/    J    \  DMAG(o.)  J 


If  a  aininum  phase  system  is  being  considered  the  magnitude 
and  phase  {lets  as  a  function  of  frequency  are  uniguely 
related  ty  the  Bode  theorems  [3].  That  is,  determining  the 
magnitude  ratio  cf  a  system  over  a  given  frequency  range 
will  alsc  result  in  a  unique  phase  relationship  for  the 
system.  Thcs  if  the  system  design  being  considered  is  of 
the  mininum  phase  type  the  use  of  the  type  two  cost  function 
described  shculd  result  in  both  the  magnitude  and  phase 
specif icaticcs  being  satisfied.  The  third  pre-defined  cost 
function  uses  the  deviation  of  the  actual  open  lcop  phase 
response  fem  the  desired  phase  response  in  a  function  of 
the  form 


V^  /        APHASE(o>)  \ 

J(a»)   =>      1.0 

£    '   \  DPHASE(o»)  J 


While  for  uinincum  phase  systems  the  magnitude  and  phase 
responses  are  uniguely  related,  it  should  be  noted  that  the 
fixed  less  or  gain  of  the  system  cannot  be  determined  from 
the  phase  characteristics  alone.  Consequently  the  use  of 
the  type  three  cost  function  may  result  in  a  constant  gain 
error  fcr  tte  magnitude  response  of  the  system.  This  error 
hosever  is  readily  observable  from  the  output  produced  by 
the  program  and  cprrection  of  this  may  be  accomplished  by 
adjustment  of  the  compensator  gain  value  accordingly.  The 
ether  three  pre-defined  cost  functions  are  of  the  same 
general  form  as  these  just  presented  with  the  exception  that 
the  squared  differences  are  replaced  by  the  absolute  value 
of  the  differences.  The  general  rationale  in  selecting  this 
latter  type  cf  cost  function  was  that  on  occasicn  the 
sguared  type  cost  function  will  have  a  tendency  to  flatten 
near  the  oinimum.  With  the  absolute  value  cost  functicn  the 
user  may  avcic  the  excessive  time  required   in  finding   the 
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minimum   values   when  the  case  arises  where  the  squared  cost 
function  becomes  flat. 

In  utili2ing  this  design  program  the  user  should  alsc  be 
aware  that  the  need  for  freguency  scaling  cf  the  problem  may 
arise.  This  is  particularly  true  when  high  order  systems 
involving  high  frequencies  are  being  considered.  The  need 
for  freguency  scaling  is  primarily  a  result  of  the  finite 
word  size  available  in  the  computer  system.  It  must  be  kept 
in  mind  that  the  magnitude  response  of  the  system  is 
computed  as  the  ratio  of  two  complex  numbers  and  whil€  the 
resulting  magnitude  may  be  relatively  small  the  value  cf  the 
magnitudes  of  the  individual  complex  numbers  forming  this 
ratio  maj  te  large.  The  situation  is  further  complicated  by 
the  fact  that  in  computing  the  magnitudes  of  the  complex 
numbers  involved  the  real  and  imaginary  parts  must  be 
sguared,  thus  effectively  reducing  the  maximum  power  of  the 
numbers  fchich  can  be  allowed  by  a  factor  of  two.  If  the 
magnitudes  of  the  resulting  numbers  become  too  large  an 
error  message  will  be  printed  recommending  that  the  problem 
be  fregueicy  scaled. 


B.    DATA  INECT  ANI  0OTPUT 


In  order  to  simplify  use  cf  the  program,  an  attempt  has 
been  made  tc  maintain  the  input  information  necessary  for 
execution  cf  the  algorithm  to  a  minimum,  and  at  the  same 
time  preserve  a  certain  amount  of  flexibility  within  the 
program  which  may  be  controlled  by  the  user.  In  so  doing 
seme  of  the  program  control  variables  for  various  options 
have  been  set  irternal  to  the  program  and  may  not  be 
manipulated  ty  the  user  in  the  input  data  deck.  These 
internally  set  variables  do  not  detract  from  the  general 
functioning  cf  the  program,  but  mention  of  this  is   made   to 


38 


bring    it   tc   the   user's   attention   in   the   event   that 

specialized  trcblens  might  more  effectively  be   investigated 

by   resettitg   seme   of   these  normally   preset   program 

variables.   Cany  of  the  preset   items   are   concerned   with 

ccctrcl   cf   the   minimization   routine.    Such  items  as  the 

upper  and  Icier  bounds  of   the   search  area,   the   integer 

programming   option,   and   the  seed   for   the  random  cumber 

generator  are  set  to  specific  values  within  the  main  program 

just   pricr   tc  calling   the   minimization  subroutine.   For 

example  for  the  ninimum  phase   case,   the   lower   and   upper 

bounds   en  tfce  search  areas  of  the  compensator  numerator  and 

denominator  polynomial   coefficients   are   set  at   O.C   and 

6 
1.6x10   respectively.    For   the  non-minimum  phase  case  the 

bounds  on  the  search  areas   cf   the   numerator   polynomial 

6  6 

coefficients   only   are  extended  to  -1.6x10   and  1.6x1C   and 

the  implicit  constraints  are  adjusted  to  allow  right  half 
plane  rccts  for  the  numerator  polynomial.  The  integer 
programming  option  fpr  BOXPLX  is  also  preset  to  a  value  of 
zero  indicating  that  values  for  the  polynomial  coefficients 
need  not  be  integers.  In  general,  selection  cf  the  integer 
programming  cpticn  results  in  considerably  more  execution 
time  for  the  program  and  for  the  purpose  cf  varyinc  the 
compensator  parameters  the  selection  of  this  option  provided 
nothing  tc  enhance  the  solution  of  problems. 

The  input  data  required  for  program  execution  and 
control  may  be  divided  into  general  areas  as  follows:  1.)  a 
title  card;  2.)  a  series  of  cards  giving  the  gain  and 
coefficients  cf  the  plant  transfer  function;  3.)  a  series 
of  cards  giving  the  assumed  gain  and  coefficient  values  of 
the  compensator  transfer  function;  4.)  a  control  card 
describing  the  plots  desired,  the  type  of  cost  function  to 
be  used,  whether  the  system  contains  a  zero  order  hold,  and 
the   number  and  rang£  of  the  discrete  frequency  points  being 
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considered;  5.)  cards  containing  the  discrete  frequency 
values,  the  desired  magnitude,  and  the  desired  phase;  6.) 
finally  a  card  describing  the  number  of  iterative  trials  to 
be  allowed  in  the  minimization  and  whether  any  output  is 
desired  from  the  minimization  routine  in  order  to  keep  track 
of  the  Banner  in  which  the  coefficients  are  being  varied. 
The  specific  input  formats  of  the  above  necessary  data  are 
described  ir  detail  in  the  following  paragraphs.  These 
paragraphs  are  numbered  so  as  to  indicate  into  which  of  the 
six  general  areas  a  particular  data  card  belongs.  This 
description  coupled  with  the  program  listing  given  in 
Appendix  E  should  provide  sufficient  information  for  setting 
up  the  data  deck  necessary  for  execution  of  the  program. 
Figure  Iv^2  illustrates  the  data  deck  used  in  executing  the 
first  example  problem  presented  in  section  C  of  this 
chapter.  Ic  this  figure  each  line  of  data  represents  an 
individual  data  card.  The  column  numbers  for  the  data  cards 
are  also  shewn  above  and  below  the  data  .deck  section  of  the 
figure. 

Ji   Title  card^ 

This  must  be  the  first  card  of  the  data  deck  and 
provides  a  means  of  problem  identification  if  several 
separate  problems  are  run  under  one  job  name.  Columns  1 
through  46  may  be  used  to  input  whatever  alphanumeric 
characters  the  user  desires  for  identifying  any  particular 
problem.  This  title  will  also  be  printed  en  the  graphical 
output  requested  bj  the  user. 

il-j  IlsJSt  cain 

The  second  card  contains  the  gain  of  the  plant  in 
columns  1  through  10.  If  the  gain  is  not  explicitly  present 
in  the  plant  transfer  function  then  the  value  input  en   this 
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card   should   te   unity.    The  format  used  to  read  the  plant 

gain  is  at  E10.0  type  format,.   Thus,  the  gain  may   be  input 

in   either   floating   point   or   scientific  notation  type 
formats. 

2I_.   Inc. ut  form  and  order  of  the  plant  transfer  function 
numerator  . 

This  card  specifies  Mhether  the  numerator  of  the  plant 
transfer  function  is  to  be  read  in  factored  cr  polynomial 
form  and  what  the  crder  of  the  numerator  is.  A  P  or  an  F  in 
column  1  indicates  whether  the  plant  numerator  data  is  to  be 
read  in  pclyrcmial  or  factored  form  respectively.  Columns  2 
and  3  contain  the  crder  of  the  numerator.  Thus  an  input  of 
the  form  EC3  starting  in  column  1  indicates  that  the 
polynomial  is  of  third  order  and  is  to  be  read  in  factored 
form. 

2C.   Plait  transfer  function  numerator. 


The  following  card(s)  contain  either  the  polynomial 
coefficients  cr  the  factors  of  the  plant  transfer  function 
nunerator,  depending  on  which  form  has  teen  chosen  for 
input.  If  the  polynomial  form  of  input  has  been  selected 
then  the  polynomial  coefficients  are  input  in  ascending 
powers  of  s  using  an  8E10.0  format.  If  more  than  eight 
coefficients  are  needed  they  are  simply  continued  on 
successive  cards.  The  coefficient  of  the  highest  order  term 
is  assumed  to  be  normalized  to  unity  and  is  not  read  in 
explicity.  Thus  the  number  of  coefficients  actually  read 
corresponds  to  the  oxder  of  the  numerator  polynomial.  If 
the  factored  form  of  input  is  chosen  then  each  factor  is 
read  in  en  a  separate  card  with  columns  1  through  10  being 
used  for  the  real  part  of  the  factor  and  columns  11  through 
20  for  the  iaaginary  part.   Again  the  format  used  is   E10.0, 
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thus  allowing  the  factors  to  be  input  in  either  floating 
point  or  scientific  notation  form.  Since  complex  factors 
will  occur  in  conjugate  pairs  the  values  of  these  factors 
need  only  fce  input  once.  Thus  the  number  of  cards  used  will 
vary  depending  upon  how  many  purely  real  and  how  many 
ccitlex  factors  are  involved. 

2E_.   Input  form  and  order  of  the  plant  transfer  function 
denominator  . 


Again  the  form  of  input  is  specified  as  in  card  cumber 
2E  along  with  the  order  of  the  plant  transfer  function 
denominator. 

JJ-t  £!.§.£*  transfer  function  denominator. 

The  format  used  to  input  the  denominator  is  identical  to 
that  used  fcr  input  of  the  numerator,  contingent  upon  the 
desired  form  specified  for  the  input.  That  is  to  say,  it  is 
possible  to  input  the  numerator  in  polynomial  form  and  the 
denominator  in  factored  form,  or  vice  versa,  since  each  time 
a  polynomial  is  input  as  data  the  input  form  is  uniguely 
specified. 

IAji     Assumed  compensator  transfer  function  gain. 

Following  the  ;.nput  of  the  information  about  the  plant 
the  description  cf  the  form  of  the  compensator  must  be 
supplied.  Ihis  is  begun  by  inputing  an  assumed  compensator 
gain  using  the  same  format  as  was  used  to  specify  the  plant 
gain.  Cue  to  the  manner  in  which  the  compensator  transfer 
function  nuierator  coefficients  are  handled  within  the 
program,  if  the  assumed  compensator  gain  is  set  to  zero,  for 
lack  cf  any  tetter  value,  whis  will  result  in   the   starting 
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guess  of  all  the  numerator  coefficients  being  zero.  This 
will  not  cause  the  program  to  terminate  prematurely,  but  the 
initial  guess  of  zero  for  all  the  coefficients  may  not  be 
what  is  desired  by  the  user.  If  doubt  exists  as  to  what 
value  gain  should  te  assumed,  a  value  of  1  is  suggested  as  a 
convinient  arbitrary  starting  point. 

JJ.1  Xn^ut  Jcrm  and  crder  of  the  assumed  ccnipensatcr 
numerator. 

The  irethcd  for  specifying  the  form  of  the  input  fcr  the 
ccnipensatcr  initial  numerator  parameters  is  identical  as 
that  used  in  specifying  the  plant  numerator.  A  P  indicates 
polynomial  fcrm  and  an  F  indicates  factored  form. 

3£_.   Assumed  initial  values  of  compensator  numerator 
parameters. 

In  crder  to  maintain  continuity  in  the  input  fcrmat  the 
scheme  and  fcrnat  used  to  input  the  compensator  numerator 
parameters  is  identical  to  that  used  in  specifying  the  plant 
transfer  function  numerator. 

3E_.   Iniut  form  and  crder  of  the  assumed  ccnipensatcr 
dercminatcr. 


As  in  previous  cases  either  polynomial  cr  factcrec  form 
is  specified  along  with  the  crder  of  the  compensator 
dercminatcr. 

il-i   Assumed  initial  values  of  compensator  denominator 
parameters. 

Once  again  the  same  format  as  used  to   input   the   plant 
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data   is   used   in  prder  to  maintain  the  continuity  cf  the 
input  fornatirg. 

4A.s  Hc^raff  control  card. 

The  program  control  card  is  used  to  input  various 
quantities  controlling  both  the  range  and  number  of  discrete 
points  used  in  the  minimization  of  the  cost  functior,  the 
output  desired  from  the  program,  and  also  whether  a  zero 
order  held  is  present  in  the  error  channel  of  the  system. 
As  many  as  twelve  separate  quantities  may  be  input  on  this 
sirgle  control  card  in  order  to  direct  execution  cf  the 
program.  Columns  1  through  10  specify  the  minimum  freguency 
(HMIN) ,  in  radians,  of  the  total  range  teing  considered. 
Columns  11  through  20  specify  the  maximum  value  (WMAX) ,  in 
radians,  cf  the  range  of  frequencies  being  considered.  Eoth 
of  these  values  are  read  using  a  2E10.0  format.  Following 
the  maximui  and  minimum  freguency  values,  up  to  ten  input 
quantities  are  read  using  a  1013  format.  Columns  21  through 
23  specify  the  number  of  discrete  frequency  points  (KOMEG) 
over  the  given  range  at  which  the  open  loop  freguency 
response  is  to  be  determined  and  the  cost  furction 
evaluated.  The  next  input  quantity  (KNOW)  ,  in  columns  24 
through  26  specifies  whether  the  discrete  frequencies  of 
interest  are  to  be  read  from  data  cards  or  automatically 
computed.  Normally  this  quantity  is  set  to  unity  indicating 
that  the  discrete  freguency  points  of  interest  will  be  read 
frcm  data  cards.  A  value  of  zero  indicates  that  the 
discrete  freguency  values  are  to  be  incremented  linearly  by 
the  program  starting  at  the  minimum  frequency  value.  A 
value  of  two  indicates  that  the  discrete  frequency  points 
will  be  incremented  logarithmically  begining  with  the 
ainimum  frequency  value.  Columns  27  through  29  indicate 
whether  a  Ecde  plot  of  the  results  is  desired.  If  this 
variable  (NECEE)  is  set  equal  to  one  no  Bode   plot   will  be 
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output.  A  value  of  zero  for  NBODE  will  result  in  fcoth 
magnitude  anc  phase  clots.  Columns  30  through  32  ccntrol 
the  output  cf  the  Nyguist  plot.  If  NYQST  is  set  to  unity 
then  the  Hyquist  plot  will  be  suppressed.  A  value  cf  zero 
for  NYQST  will  result  in  a  Nyguist  plot  output,  however  this 
is  plotted  ccly  over  the  range  of  freguencies  between  WMIN 
and  WMAX.  Columns  33  through  35  indicate  the  presence  cf  a 
zero  crder  held  (IZOH)  in  the  error  channel  of  the  unity 
feedback  system.  iiith  IZOH  set  to  zero  the  system  is 
treated  as  being  of  a  continuous  nature.  With  IZOE  set 
egual  tc  cue  a  zero  order  hold  is  considered  to  be  present 
in  the  error  channel  and  the  open  loop  magnitude  and  phase 
computations  are  modified  acccrdingly.  Columns  36  through 
38  (NICHCI)  specify  jwhether  a  magnitude  versus  phase  plot  of 
the  results  are  desired.  As  with  the  other  plot  options,  a 
value  of  zerc  will  result  in  a  plot  being  prcduced  while  a 
value  cf  ere  will  suppress  the  magnitude  versus  phase  plot 
as  part  cf  the  output.  Columns  39  through  41  contain  the 
variable  indicating  whether  non-minimum  phase  solutions  are 
tc  be  considered.  With  this  variable  (NHINFS)  set  equal  to 
zerc  only  minimum  phase  solutions  will  be  allowed.  A  value 
of  one  indicates  that  a  non-minimum  phase  solution  will  be 
allowed  provided  that  it  is  the  one  which  minimizes  the  cost 
function.  Columns  42  through  44  indicate  if  the  desired 
magnitude  profile  values  tc  be  input  are  in  decibels.  If 
this  variable  (IDB)  is  zero  the  magnitude  values  to  be  read 
are  dimensicnless  gain  values,  while  a  value  cf  one 
indicates  that  the  magnitude  values  to  be  input  will  te  in 
decibels.  Columns  45  through  47  contain  the  variable  IPLCT. 
This  guantity  is  used  to  choose  between  printer  plots  or 
Calcomp  plots  for  the  graphical  output.  A  value  cf  zero 
will  result  in  printer  plots  and  a  value  of  unity  will 
provide  Calcomp  output  of  the  graphs  desired.  It  is 
recommended  that  the  printer  plot  opticn  be  used  in 
initially  solving  a  particular  problem  since  this  tjpe  of 
output  requires  less   turn   around   time   than  the   Calcomp 
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output.  Finally  columns  48  through  50  specify  th€  tjf€  of 
cost  function  (ICOST)  the  user  wishes  to  choose  among  the 
six  preprogrammed  functions  available  in  subroutine  f  E  (X)  . 
The  value  specified  should  be  between  1  and  6  corresponding 
to  the  particular  cost  function  desired.  If  this  value  is 
zero  the  program  will  default  to  the  type  one  cost  function. 

il.2  iUliiSS  E.§riod.. 

This  card  must  be  inserted  only  if  a  zero  order  held  is 
specified  in  the  error  signal  channel.  The  sampling  period 
T,  in  seconds,  is  specified  in  columns  1  through  10.  If  the 
system  being  considered  is  of  the  continuous  type  then  this 
card  must  be  cnitted. 

5i-2  Mjcrete  frequency,  values  considered. 

Next  fellows  a  set  of  data  cards  specifying  the  values 
in  radians  per  second  of  the  frequencies  at  which  the 
desired  gain  and  phase  values  of  the  open  loop  freguency 
response  are  specified  and  at  which  the  cost  function  is  to 
be  calculated.  These  values  are  input  in  an  8E10.0  format 
using  as  many  cards  as  necessary  to  specify  all  the 
freguencj  values  at  which  the  program  is  to  execute  the 
alccritha. 


5E_.   Gaip  profile  of  the  desired  0£en  loojs  response. 

This  set  of  data  cards  contains  the  desired  open  loop 
gain  response  at  the  discrete  frequency  values  previously 
specified.  The  sane  8E10.0  format  is  used  here  as  was  the 
case  in  reading  tie  discrete  frequency  values.  The  same 
nunber  of  cards  shculd  be  used  as  was  used  in  specifying  the 
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discrete  frequency  values. 
5C_.   Phase  profile  of  the  desired  response. 

Here  fellows  a  series  of  cards  specifyirg  the  desired 
open  locp  phase  response,  in  degrees,  at  the  discrete 
freguency  values  being  considered. 

ii   Minimization  trials  card. 

Here  toth  the  number  of  trials  to  be  allowed  in  the 
ninimizaticn  process  and  the  print  interval  for  diagnostic 
purposes  are  specified.  These  quantities  are  input  using  a 
215  format.  If  the  number  of  trials  is  zero  then  a  default 
value  of  2CCC  is  assumed.  If  the  print  interval  is 
specified  as  zero  then  no  output  from  the  minimization 
routine  will  result.  Caution  should  be  exercised  in 
specifying  the  print  interval  in  that  if  this  interval  is 
made  too  snail  an  excessive  amount  of  printed  output  may 
result.  The  program  user  is  referred  to  the  comment  section 
of  subroutine  BOXPIX  in  Appendix  A  for  guidelines  in 
selection  of  the  print  interval. 
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C.    SEBIES  COMPENSATOR  DESIGN  EXAMPLE  PBOEIEMS 


In  this  section  a  number  of  example  problems  are 
presented  and  discussed  in  order  to  illustrate  the  use  cf 
the  computer  aided  compensator  design  algorithm.  In  the 
hcpe  cf  presenting  a  clear,  concise  illustration  of  the 
algcrithn  and  its  use  the  example  problems  begin  with 
relatively  simple  straight  forward  text  bock  examples  and 
gradually  progress  tc  problems  of  a  slightly  more  difficult 
nature.  alsc  included  are  problems  that  are  intended  tc 
illustrate  seme  limitations  of  the  program  in  that  these 
prcblems  were  not  conpletely  solved  by  the  algorithm  or  they 
may  have  reguired  a  certain  amcurt  of  manipulation  cf  the 
input  data  in  crder  to  obtain  a  solution.  These  latter 
types  of  pictlems  have  been  included  since  it  is  important 
that  the  designer  using  any  computer  aided  design  algcrithm 
understand  the  algorithm's  limitations  and  peculiarities  as 
well  as  its  intended  capabilities.  It  is  net  intend€d  to 
aislead  the  reader  by  implying  that  the  example  prcblems 
presented  here  provide  a  comprehensive  presentation  of  all 
possible  linitaticns  of  this  automated  design  prcgram. 
Bather  they  represent  those  limitations  which  were 
encountered  ir  the  process  of  verifying  the  program  ever  a 
necessarily  United  period  of  time.  With  this  in  mind  the 
first  example  prcblem  which  deals  with  a  relatively  simple 
lead  compeDsatcr  is  presented. 

1.    Compensator  Designf  Example  1^ 

Consider  the  uncompensated  system   shown   in   figure 
IV-3. 
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Design  Example  1 ,  Block  Diagram 


Figure  IV-3 


The  asymptotic  Bcde  diagram  for  the  open  loop  system  is 
shown  in  ir  figure  I.V-3A.  As  can  te  seen  from  the  open  loop 
Bode  plot,  even  thcu-gh  the  system  is  stable  it  is  lightly 
camped.  A  single  section  lead  compensator  is  to  be  used  to 
increase  the  phase  margin.  A  complete  discussion  of  the 
reasons  for  selection  of  the  lead  compensator  and  a  detailed 
discussion  of  this  particular  example  is  presented  ty  Thaler 
and  Erown  [18].  The  transfer  function  form  of  the  single 
section  lead  compensator  consists  of  a  first  crder  numerator 
and  a  first  order  denominator.  A  desired  magnitude  and 
phase  profile,  consisting  of  ten  discrete  frequency  points 
over  the  range  from  0.2  to  20.0  radians,  was  selected  to 
give  a  phase  irargin  pf  approximately  45  degrees  in  crder  to 
increase  the  damping  of  the  system.  As  an  initial  guess  the 
ccnpensator  was  assumed  to  have  a  gain  of  1.0,  a  zero  at  the 
origin  arc  a  pcle  at  -1.0.  This  information  was  supplied  to 
the  progian  in  the  prescribed  format  and  the  optimized 
results  in  the  form  of  magnitude  and  phase  plots  are  shown 
in  figure  IV-3E.  Here,  as  throughout  the  remainder  of  the 
example  problems,  the  diamond  shaped  symbols  represent  the 
desired  values  specified  by  the  program  user,  the  X  symbols 
represent  the  values  computed  by  the  program  at  the  discrete 
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frequency  values  specified  using  the  compensator  paraneters 
returned  as  the  solution  from  the  minimization  routine,  and 
the  continuous  curve  represents  the  response  computed  ty  the 
program  again  using  the  parameters  returned  as  a  solution 
but  with  a  acre  dense  set  of  frequency  values  used  in  order 
to  show  any  resonant  peaks  or  anomalies  in  the  magnitude  and 
phase  curves  which  might  be  difficult  to  visualize  from  a 
sparsely  selected  set  of  discrete  values.  As  can  be  seen  in 
figure  IV-3E  the  results  match  the  desired  response  well 
over  the  range  of  interest.  Figure  IV-3C  shows  the  same 
results  using  the  magnitude  versus  phase  plot  to  portray  the 
open  loop  frequency  response.  The  numerical  values  of  the 
compensator  parameters  returned  from  the  program  as  a 
solution  along  with  the  starting  values  used  are  shewn  in 
figures  IV-3E,  IV-3E,  and  IV-3F.  A  comparison  with  the 
solution  values  given  in  ref.  18  will  show  that  they  agree. 
Figure  IV-3G  shows  plots  of  the  differences  between  the 
actual  and  desired  open  loop  frequency  response  of  the 
resulting  system  at  the  discrete  frequencies  considered  in 
the  minimization  process. 

Ihis  problem  as  described  required  approximately  500 
iterations  within  the  minimization  routine  to  achieve  the 
solution  shewn.  This  however  includes  two  restarts  to 
attempt  insuring  that  a  global  minimum  had  been  achieved  and 
that  termination  was  not  due  to  a  local  minimum.  From  the 
begining  tc  the  first  restart  required  approximately  250 
trials  with  the  cost  function  being  reduced  from  a  value  of 
6.33  to  a  value  of  0.00711  (recall  that  the  minimum 
achievable  urder  ideal  condition  is  zero  which  due  to 
machine  errors  alone  in  representing  numbers  would  not 
likely  ever  te  achieved).  The  entire  solution  required  32.5 
seconds  of  CED  time,  a  good  10  seconds  of  which  was  used  in 
the  prodectier  of  Calcomp  plots.  These  numbers  concerning 
the  time  reguired  for  soluticn  are  presented  for  what  they 
are  worth  in  that  extrapolation  of   these   numbers   tc   more 
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ccnplicated  problems  is  not  a  straight  fcrward  task.  As 
mentioned  in  Chapt  III  the  minimization  routine  does  become 
inefficient  when  the  number  of  variable  parameters  is 
allowed  tc  teccme  large.  It  was  felt  that  a  detailed 
investigation  of  the  efficiency  and  time  required  for 
solution  cf  problems  as  a  function  of  the  number  of  variable 
parameters  and  the  number  of  discrete  frequency  values  tc  be 
considered  was  beycnd  the  scope  of  the  basic  developmert  of 
the  program.  However,  the  amount  of  time  required  for 
solution  cf  seme  of  the  example  problems  that  follow  will  be 
given  in  order  to  give  the  user  an  "intuitive  feel"  fcr  the 
approximate  amount  of  time  that  may  be  need  to  handle 
certain  tjpes  cf  problems. 

In  crder  to  illustrate  that  the  starting  point 
chesen  shculd  have  reasonable  values,  but  that  the  exact 
values  chosen  should  not  effect  the  final  results 
significartly ,  the  same  problem  was  run  a  second  time  with 
the  pole  and  zero  of  the  compensator  both  chesen  tc  te  at 
the  origin.  Again  an  assumed  initial  gain  cf  one  was  chesen 
for  the  compensator.  The  graphical  results  cf  the  solution 
are  shown  in  figures  IV-3H  through  IV-3J.  The  numerical 
results  returned  using  these  new  starting  values  are  not 
shewn  here  since  the.y  were  identical  to  within  three  decimal 
places  with  those  values  shown  previously. 
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2.    Compensator  Design,  Example  2a 

This  example  problem  (discussed  in  detail  iD  ref.10) 
has  fceeD  chosen  net  only  to  familiarize  the  reader  with  the 
use  of  the  program,  but  also  to  illustrate  one  of  the 
shortcomings  cf  the  design  prcgram.  In  particular,  while 
the  program  was  successful  in  finding  the  correct  solution, 
difficulties  were  encountered  in  the  root  finding 
subroutines.  In  this  particular  problem,  during  the  final 
phases  cf  execution  the  roots  cf  a  fourth  crder  polynomial 
must  be  fcurc  in  order  to  calculate  the  phase  response  using 
subroutine  SIMULA  which  does  these  calculations  using  a  more 
densely  spac€d  set  cf  discrete  frequencies  than  in  the 
minimization  routine.  Since  numerical  root  finding  routines 
have  difficulty  in  finding  roots  for  fourth  crder 
polynomials,  the  lack  of  good  convergence  for  the  rocts  of 
the  system  in  bcth  rcot  finding  subroutines  caused  the  phase 
calculations  normally  done  by  subroutine  SIMULA  to  be 
aborted.  It  should  be  emphasized  that  failure  of  the  root 
finding  subroutines  in  this  case  only  effects  the  generation 
of  the  "continuous"  phase  response  and  in  no  way  created  any 
problems  for  the  ainimizaticn  part  of  the  prcgram  as 
evidenced  hy  the  xesulting  correct  values  for  the 
compensator  parameters.  The  original  uncompensated  system 
being  considered  is  shown  in  figure  IV-4.  A  Bode  diagram  of 
the  uncenpensated  system  (figure  IV-4A)  reveals  that  the 
system  as  it  exists  is  unstable.  If  stability  were  the  only 
censideratier,  a  simple  attenuation  of  the  plant  gain  would 
be  sufficient  tc  provide  adequate  phase  margin  to  insure 
this.  However,  as  with  many  series  compensation  problems, 
here  we  must  effectively  strike  a  compromise  between 
effectiveness  cf  ccntrol  (generally  associated  with  a  higher 
gain)  and  stabilitj  pf  the  system  (generally  associated  with 
a   lower   gain).    As   discussed   in   ref.   10  a  simple  gain 
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attenuati.cn  wculd  result  in  stability  being  achieved,  but 
also  has  ai  undesirable  effect  upon  the  velocity  error 
constant.  Thus  as  discussed  in  detail  in  ref.  10,  a  lag 
compensation  network  appears  as  the  best  candidate  to 
accomplish  the  job. 


t® 


10 


s3+20s2+100i 


Design  Example  2 ,  Block  Diagram 

Figure  IV-4 

In  this  particular  problem  twenty  discrete  frequency 
values  over  the  range  from  0.005  to  50.0  radians  were 
selected  and  the  desired  magnitude  and  phase  values 
specified  at  these  frequencies.  As  in  the  previous  example 
problem  the  form  of  the  compensator  is  selected  as  having  a 
first  order  numerator  and  first  order  denominator,  that  is 
in  this  case  a  sincle  section  lag  compensator  is  to  be  used. 
A  type  one  fcrm  of  the  cost  function  was  selected  for  the 
ninimizaticn  process.  The  magnitude  and  phase  profiles  of 
the  desired  response  along  with  the  resulting  response  with 
the  compensator  included  in  the  open  loop  system  are  shown 
in  figures  IS-4E,  IV-4C,  and  IV-4D.  As  mentioned,  the 
continuous  curve  for  the  phase  response  was  not  computed 
because  cf  the  failure  of  the  root  finding  routines  to  find 
the  cpen  lccp  system  roots.  It  can  be  seen  in  figure  IV-4C 
that  the  phase  response  does   agree   well   at  the   discrete 
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frequencies  specified.  Since  we  are  dealing  with  a  minimum 
phase  system  and  figure  IV-4B  shows  that  there  exists  no 
resonant  peaks  in  the  magnitude  curve  the  user  may  conclude 
that  the  phase  response  will  also  te  well  tehaved  for  the 
various  freguency  values  between  the  explicitly  specified 
discrete  values  plotted.  This  case  should  serve  to 
illustrate  that  the  program  reguires  that  the  user  still 
provide  an  interpretation  of  the  results.  The  ccnputer 
output  cf  figures  IV-4E,  IV-4F,  and  IV-4G  shows  that  the 
ccapensatcr  parameters  are  in  agreement  with  the  problem 
scluticn  as  presented  in  ref.  10  if  the  reader  wishes  to 
make  the  comparison.  Figures  Iv-4H  and  IV-4I  show  plots  of 
the  differences  between  the  actual  and  desired  magnitude  and 
phase  at  the  discrete  freguencies  selected  for  the 
ninimizaticn  process. 


65 


Ml         I- 1  n      i|            r  I    -  ■        1-1  ' 

II        '     MM      !                                     1 

i [    II Ml-     M    i     1 — \  \ — t  '•■■i-l — 

i  j  [-;■ 

-  j- I  !      !  I  1  1      1        !            1  J 

11!      i  j        |         i  m  ! 

i  !  !      i  !  1  i    1  !        1          '  i  i        i 

1           u 

■  ;  I  ! 

i ! !     !  |  • }  !  i !  1   !     !   i  ■■!  1  i     i  1 

i  CO     i 

IliM-  ppg  _\-llA    j  Mi  4  h  j    i  \ 

■     I  wl 

3E:    :E  Je  -If-  -  --  _~-r.- 

-  =P         'Si  - 

!            $\ 

'%            X 

IT    T 

I 

[L  :-E|=~EEE£EEEEEEEE=Eif 

6:    EZE:    :--iEEEL: 

I    -   _ 

f  . 

!  o!                              yy 

!  i   .   •      !   i    ■-■■!      !  i  !  i      !         !         i   i         i  i 

\     141       !*?l  1                          1  / 

1      :      :      1     , 

MM     I  1  !  i     1  1  1  i       i- }-!     M  !  i     i  i  i 

!     ill        t'l  i     MM     ■       f  >!i.j 

:  / 

M  '■  '■     ■.  i~ 1 1     MM     MM     !  !  M     ;  • 

1     MM     MM     MM     iMXMM 

!        /  . 
/ 

■   /I    F 

"7  :   :       1  !  j.j        -[•- j  1       i   j   M'      [44             rn 

1   *T  1 

/      '       ■ 

!     '  |a 

!      |  1   !   i      !   ;  1   i      \      fyf    l4            !   1.  F    , 

•  •     •       •  >  •     M  '  •     :  '  ■  •     •  '  :         !+< 

1     4.4     MM     :  yfl  :■     .  -             i    '  -1 

|J   : 

3  M~f~ 

!-!M     FMf  4LI-L    §§     MM     i  Ic 

:         Mi          MM      ST   :     M         1    !                   Li-!/ 

1         1    :    ;    :          4rP>M  'H -  M         :    :    ;    !         ;    /;    ;       r 

-i  j  •: 

i  if   l-b^-M^pM^tr.:-!^!-;  m:^ 

;   -f^!--":     Fpff  ^g3  -;:_;  ryM  : 

- B  :■;-  £4f  -H#  4##-=ffl  3  k 

^J  ^^g^=^^^}^  r 

Ftr:   -M  ft     M                        ~- H"T    r^ 

5  !  1  1 

■~H  *~4'  — hH~             ttM ~H    ; 

$Ep3  :z##gF-*:-r="t  a  f 

effr 

zppq ^ —  |  1  — h zH=t-  -  -i— 

1  j  i ' — j — h      ~"~T"                  ~P" 

il   M 

^  .L 4J^H iUl  ■! 

i     1                                   y 

!                                                y 

M                      '             i  i  / 

^^>    r                                  ! 

•  ■  / 

1  'x'    ;  •<  \                                     c 

i  ^'i 

i  /  i 

:^l   i        ^I-J      i-l  M      iiii      i-i 

Du:  >" 

m/ 

y   i  i  •  i                                           :  :-i  : 

Di    H 

:  B ■/;-    5{? 

J  :     .     F 
J        flV 

i  Iff -M-f3fi-l-.  TjTf  ^^^'44= 

_F    Fi4"i    FFMMM:MF:^-Mf—   &f^; 

I  / 

1      Mi!         r.p]      i  I  i  i      iiii      Mi; 

D,_D^ 

r-;ri:  0)1  f  i       Ml  r   //:  ;  : 

i    ;  if  i    m  i  i    1  i  i  i    i  i  i  i    nil 

CU-    «r4 

i  W:                      ' 

!         MM         ;     •     ;     !         :     i     i     !         Mil              ]                V 

J       ft, 

\\\s.A\       !>M/: 

;    ;    :    :     1 

3:  : 

g    !    ilh^Li./ij/iiii    i! 

i  ~m  i  i    1  [i  1    iiii    i-j  i  !      L-44  -i 

[fM   iiii  NsW  H-Fpf  iiii     i 

-j     !     i-  |      - u -     4-4-4--      \-\-h-\     ■  ■  '■  ■ 

i:  i  !.|   ! !  r!   i .  1  rl   i  Li  i   i  i : : 

n  M 

1    :----      Ft-    -#pf~-   if-: 

l) :  :  : 

it:    !.L::l/|:k-    /FFr4" 

MM         i-i  -  /    1-1 /M FT 

-1  :FMi0rr^!lFM-Mr;:  : 

!  !      ii  i  j  •,       i  i  i  !  M  i  i          i     ;  !  m  :  i 

1       M    !  U    :    :•:    i       !'      :    '.**■    |                    i"":'ja 

\       '0       f             \    to    j  !  i      !  !  !    '0  M 

I       b..-V'HU       i   !   i   ;'0j   ;   i   !             :     "0         ,   ' 

•  VD  :     :/i     :              i     !  7t3«  M                            McM  i     r 

;<sj :  i.-'-i"             !    ^r 

|     ::Li     ilni     ii::™;N!    ■!  ;  f-i  |  !  r: 

:  d    i  /i    I   i       ';':/':    j  c    j       1    1       j    M-  io    1 

;-:<»::                         :  q   :                         :      0 

{  j  :     crM              !/   I     o»M  '  1      M;'i?)M 

i   I    1  co     M   M              M  i5||                        '■■      -v 

■  •  — 

O/      :           /         !r|4J    1                     j:."irM  II 

f— 1      i                                   i  (Hi    i                                 (N 

1  !  5  :   /  ;           M-            i  '1  F   j 

■                          1                                                       1         :_.          j:                    ! 

FM. ':-'-    ,          /              ■;    F-:vM.. 

p~Fn  :    mffe- FMM     ;.JFMr::: 

?:  Li= 

•  — i- / -    — 

-  ^ [—X-  • — f— 4-      -    •-  —  .      - 

— . — i — 

-=r-~rt±z       1               :      I       1     ~  1    j    j    1     r^    :    :    : 

r^_L__ 

— I- '  ^1 — L_XTT~  ~~i — Ml     ■       M    F      ^F  ■►—£-■■  — • — -  -^-  •—   - 

5^  :-r#p-=ii=F  =j=|44=44=t£=H5 

^4-FrI  4=4-1    -iiii-i    U — U-U- 

- 

66 


c 

0 

cu 

en 

a) 

m 

H 

id 

3 

(1) 

+) 

m 

d)    0 

c 

en  <3 

0 

C 

a*  o  = 

V) 

CU  en 

d) 

in  d 

H 

(1)   0 

n  3 

Tj 

c 

0)  rH  -H 

VI 

rd  j-> 

•H 

3   £ 

Cfl 

4J    0 

a) 

u  u 

T3 

i 
i 

i 

(d  = 

i    i 
i    i 
i    i 

67 


& 


CO 

<D 

c 

CO 

0 

c 

CU  0 

CO 

a, 

(\) 

CO 

u 

cu 

u 

T5 

(1) 

r-\ 

U 

(13 

•H 

a 

CO 

+j 

(1) 

o 

^3 

1 
1 
1 

03 

1 

1 
1 

Ox 


& 


K 


& 


» 


& 
& 

& 
£ 


& 


-4  o 
o 


o 

o 

O 

o 

o 

O 

O 

<j\ 

CN 

in 

00 

-H 

■^r 

r- 

o 

1 

1 

r-\ 

1 

iH 

1 

CN 

1 

(N 

1 

CN 

68 


80 


60 


40.  — 


20. 


J L 


0.0 


-270   -240   -210   -1 


K 


-20.  — 


•40.  - 


(db) 


as 


w 


» 


» 


» 


^J L 


I  (degs.) 


80   -15&  -120   -090   -060 


-  desired  response 

—  actual  response 


-60. 

Magnitude  vs.  Phas< 
Figure  IV-4D 


69 


I         i 


I          I 


C  1 

(J 

<-_'LL 

5-  1 

►— 1 

— *C£ 

<:   | 

1 — 1 

<—    ' 

>'  1 

U 

■_j  un 

UJ     | 

*£. 

<oj- 

1 

Z) 

~j:-\\ 

<  -.3 
1~  ll 

—  *f 


'Jo! 

-4< 


LJ1— 

2"ac 
pa- 
r> 


£2: 


ha. 


I 


I  D 

I  cj 

i  CJ 

1  a 

1  a 


IO      O      O  I         l-i 


.1  -H       'J-*- 


uj 


<  I 


! 

w 

+J 

a 
+j 
3 
O 


o 

•H 

si 

Li.    2 

o 
cj   H 

o  <D 

3  3 

J   0 

u 


U 

en 

•H 

fa 


ig 


70 


r 

t 

zc 

E  > 


i  i 

1;   1 

1 1 

•1  1 
li   1 

i! 

l    i 
t    i 

I    1 

!i! 

I    i 
)   i 

— —         I   I 


Tu,            I     1 

133            I    l 

<^i_            li 

—  __<            li 

~*_J            1    1 

_«<            1    » 

UJ>~:— •        1     » 

X    •  V-        II 

i-_;1-"'      i    i 

u.—  r     i   i 

03«J-       11 

i   i 

.\r;      i    i 

«JU"         1      1 

ctu.       II 

Sit;*/!       I    1 

»t  I 
I   I 


on 

!        1 

1  : 

c_  -  ■->       II 

4- 

U  I 

1  i 

l--J>U       1    I 

< 

'     1 

1  ; 

Six     \   ! 

l-j-o: 

''-'  1 

|  i 

C  I 

i  i 

>-^K            1      1 

11 

b  i 

,  i 

^      -           I      ' 

~2 

i  i 

uO   I  i£        11 

>-t— : 

O  I 

1 1 

s:u:-o     i   i 

«!=>■ 

O  1 

it 

j_  ~  j-     i  i 

'..?IU 

O  1 

1 1 

C-?            >     1 

a:ci 

i  *  1 

i  j 

^C  j_  Z       it 

jj; 

—>  1 

1 1 

u'-"-J     »  i 

a 

,1     1 

1 1 

o=f—     l   » 

«£ 

j    1 

i  i 

■    -W            II 

Q 

1    1 

I  : 

■~x_>     »   1 

O 

i    1 

1  i 

Xrr-J         1     1 

1 '-/ 

i  : 

1  ! 
1  i 

t—     I  UJ         II 

ion      j    j 

i 

l  < 

4         i   i 

l< 

i 

i 

I  i 

ii 

C.i.1        1     1 

>i      i    i 
>-•-      1    i 

:3     ii 


kj 


r 


i    ' 


i  * 
1 1 
1 1 

i  > 
>  i 
1 1 

1 1 

I! 

i    i 

ii 
i » 

1 1 
1 1 
■  i 
1 1 


C     I 


—      O        II 


I   I 
I   I 


I     I 

I     I 


2.      '.X 

^     UJ 


'  I 
I  I 
(  I 
t  I 
I  I 
I  I 
I  I 
I  I 


{  I 
I  I 


L-   I    ol 

^JoO     |      IM    j 


r\i  i  j 
sr  i 


% 

X 

w 

+J 

p 
a, 
-p 

o 


o 

•H 

5-1 

1 
si 


S3 
SB" 

<  o 
n  u 

! 


71 


!           | 

ZL  . 

i           1 

c£.  ■ 

«M        1 

<  I 

O 
1 

» 

5 

O        ' 

- 

<f        • 

— 

DC 


<r 

>— r-s: 

<i 

tAU_i 

? 

$j 

-Sh-  -> 

<- 

'-T 

L-'h- 

j: 

~ZL 

^  :—  < 

^ 

_ t 

L!  u_  <£ 

>— 

,ti 

—       .-. 

«i 

;<  ; 

!/*•.._;  2- 

-2. 

< 

>•—'-' 

< 

«<_!•■ —I        -Ji 


5;      c  -'. .:;     U 
3  i    I^<      3: 


.(•v. 


i      I 


lu    !      I    -!      !      i      I 

OOCOOCOOCOOOOTOOCQOC    I 

O-'i.J-.iuJi-Ju  uuiiii^a.'iiiuj'JJU.iu  u  uujlUUj  u  j 

'    OOOOOOOOOOOOOOOOOOOO : 

qiooooooo^oooocoooooo i 

UJOOQOOOOOOOOOaOOOOCSOO 
h DOO0C300CO0O0O3O0003 

too— <M<-_r.  .."Mr  ^W  or\lf>.jrMr>j*l"ko<Jv— iro-t 

£j— ,  —  —  —  .-.  —  ——,-.  —  —  .-.  —  —- Cv!  CM  :v 

I    i    I    I    I    I    I    I    I    I    I    I    (    •    '     I    '    'i  '    ' 

j      !      i      |      I      !      j    -1 

!        '        !         !        !        !         !         i 

I    ojfMC\jrvir\irvi<^J<N;rv:^J<>Jrs;^!tMf\)fM<'NjrvjMrJ 

i   Dococ-roc-occooooooco  ; 


.1.  ...    ,.:!(    J..L  t  j     ,ivl,_    ^ 

3  ~C  — '  O  "—  f-  <**•  ~  -I'  -"5  -2 

nc*  +— ■T\rvr-NC— »^<\i 

.->  I*-  O  X)  —  —•  ^-  CO  IT\  •—  r«-  •—  —J  — • 3U  C\J  <•■?  iTi  <?  i*- 

tc  — ic^nt^  rir-:r\-?'-r\^}'^  iifvi^roc  —*<-*>>*■ 
"  i    i    i    i    l    i    i    I    i    i ,  l    i    I    i    i    i    i    I    l    ' 

i       I        i       i       i       !       1 


~c  oor?' 


C  ?  U~  m  CNj  "~  v*-  CVJ 


OOiOTOOOO 


'-.>  •' 


o  r  'r  rr  c:  -S  c  rvj  .r^  c  -b 
--,  r  a  — . "- c\i -j*- r.i i^r-c 
-r  -j ^.—  Of^^ ifS .-m -J" 

j>  — <  _'  s.- '. J  ~  r-  o  J*  ^j  o 
:  i— i  —  r-r  r^z:  — ^irr  -* 


■n  f%  o  ""■  -".  c^  o  -r.  .r  p^ 


i    i  ..  i  i  i  i  t  i  t  ti  •  !        ;  i 

^-  ^  "-o  X'O-rOCJ  ^ '-  -^  '^  j-  c o o  ?•  a  i 

ljct ^ o Q o o ^ o oooo y* o^ooc^c  I 

SC  -•  U>  03007C  -'-i  iOCJ'  o  rooa  j~  CJ  j 
QU"> — t^j  -r  "C  >?"-P  "J"  ?v  '■jr--r".rv~    ^'\J^-r~'^>. •_- 


I      i 


I       ! 


72 


< 


<     - 


< 


< 


<J 


< 
< 


-40 


_  o 


oo 
o 


>     ^ 


0) 

4J 
•H 
C 
01 


73 


- 

< 

u 

CD 

< 

■" 

co 
\ 

CO 

T3 

< 

<3 

- 

u 

o 
o 

< 

< 

- 

< 

<3 

<J 

_ 

o 

0 

a 
n 

<] 

< 

CO 

> 

0) 
U 
fi 
(0 

< 

< 

- 

< 

s 

o 

o 
o 

<3 

<3 

< 

A 

Phase   Differ 

-«— s 

O 

* 

co 

fr 

■^ 

3 

1             1 

1 

1 

o 

1 

<3 

I 

I      i 

74 


3.    Ccnpegsator  Design,  Example  3_. 

Another  lag  type  compensation  problem  is  presented 
in  this  example.  This  time,  however,  the  existence  of  a 
fourth  crder  polynomial  for  either  the  cpen  loop  system 
transfer  fucctioc  rumerator  or  denominator  has  purposely 
teen  avoided  tc  insure  that  the  program  will  run  to 
completion.  The  uncompensated  system  block  diagram  is  shown 
in  figure  17-5. 


Design  Example  3 ,  Block  Diagram 


Figure  IV-5 


A  Bode  diagram  for  the  uncompensated  system  along  with  a 
detailed  discussion  of  the  problem  may  be  found  in  ref.  17. 
The  unccof ensated  system  does  not  possess  an  adequate  phase 
margin  tc  irsure  proper  system  performance.  Thus,  a  single 
section  lag  compensator  is  to  be  used  in  crder  to  achieve 
the  desired  cpen  loop  frequency  response.  Eesired  gain  and 
phase  profiles  are  selected  for  the  compensated  open  loop 
frequency  response  using  20  discrete  freguency  points  over 
the   range   frcm   0.01   to   100.0   radians.    The   profiles 


75 


selected  alcng  with  the  results  achieved  are  shewn  in 
figures  lv-5i,  IV-5B,  and  IV-5C.  The  numerical  values 
assumed  as  initial  estimates  of  the  compensator  parameters 
and  the  numerical  results  of  the  output  are  shown  in  figures 
IV-5D,  IV-5E,  and  IV-5F.  Plcts  of  the  differences  between 
the  actual  magnitude  and  phase,  and  the  desired  magnitude 
and  phase  are  shonn  in  figures  IV-5G  and  IV-5H.  In  this 
particular  prcfclem  approximately  1200  iterations  of  the 
ttiiimizaticn  routine  and  1  minute  and  25  seconds  were 
reguired  for  solution  of  the  problem.  In  order  to 
illustrate  the  idea  that  for  minimum  phase  systems  the 
ccapensatcr  parameters  may  be  determined  to  within  orly  a 
fixed  loss  cr  gain  when  using  only  the  phase  profile,  this 
same  problem  was  solved  again  using  the  type  3  cost  function 
which  considers  only  the  difference  between  the  desired  and 
actual  phase  at  tte  discrete  freguencies.  The  results  are 
shewn  in  figures  IV-5I,  IV-5J,  and  IV-5K.  As  can  be  seen 
frcm  the  magritude  plot  in  figure  IV-5I,  there  is  a  constant 
gain  errcr  in  the  resulting  magnitude  curve.  The  numerical 
values  assumed  at  the  start  and  those  returned  after  the 
minimization  cf  the  cost  function  are  shown  in  the  computer 
output  of  figures  IV-5L,  IV-5M,  and  IV-5N.  The  resultant 
magnitude  response  is  higher  than  desired.  The  necessary 
correction  that  must  be  applied  to  obtain  the  desired 
response  may  be  read  directly  from  figure  IV-50,  which  shows 
the  difference  between  the  actual  and  desired  magnitude 
response.  lhat  is,  as  can  be  seen  from  figure  IV-5C,  the 
resultant  magnitude  of  the  open  loop  system  after 
compensation  is  approximately  36.8  db  higher  than  what  is 
desired.  Since  the  program  does  not  alter  any  of  the  plant 
parameters  this  means  that  the  compensator  gain  value 
returned  frcm  the  prpgram  when  the  type  3  cost  functioE  was 
used  must  be  decreased  by  approximately  a  factor  of  69.2.  A 
comparison  of  the  compensator  gain  values  shewn  in  figures 
IV-5J  and  IV-5N  will  show  that  they  due  indeed  differ  by 
this  value.   Also  the  astute  observer  may  notice  that   there 
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is  a  slight  difference  in  the  compensator  pole  value 
returned  as  the  solution  when  the  problem  was  solved  using 
the  type  3  cost  fucction.  While  the  difference  in  values  is 
small  it  is  suspected  that  in  this  particular  case  it  is  due 
to  the  fact  that  only  a  finite  fregueccy  range  has  been 
considered  and  the  lower  frequencies  have  been  "slighted" 
scnewbat  in  that  the  nonlinear  phase  curve  has  net  yet 
flattened  cut  at  0.1  radians.  This  is  also  the  same 
situation  ttat  existed  the  first  time  the  program  was 
executed,  but  in  this  case  the  magnitude  profile  was  also 
taken  into  account  in  the  cost  function  and  any  deviations 
of  the  resultant  magnitude  values  dominated  the  cost 
function  value.  In  other  words,  it  appears  that  in  this 
particular  problem  the  cost  function  is  more  sensitive  to 
variations  in  the  magnitude  values  than  in  the  variations  in 
the  phase  values. 
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••    Compensator  Design,  Example  4 

In  this  exanple  a  slightly  more  complicated  problem  is 
presented,  in  that  the  final  soluticn  requires  a  double 
section  compensator  of  the  form  of  a  notch  filter.  A  block 
diagram  cf  the  uncompensated  system  is  shown  in  figure  IV-6. 
As  discussed  fcy  Thaler  and  Erown  [18],  from  whom  this 
example  was  taken,  the  uncompensated  system  is  unstable  and 
the  Ecde  diagram  of  the  uncompensated  system  shown  in  figure 
IV-6A  indicates  a  phase  margin  of  approximately  -30  decrees. 
Sith  such  a  large  negative  phase  margin  for  the 
uncompensated  system  and  the  rapid  drop  in  slcpe  of  both  the 
gain  and  phase  curves  the  designer  might  suspect  that 
compensation  using  only  a  single  section  compensator  will  be 
difficult  to  accomplish.  Again  desired  magnitude  and  phase 
profiles  are  selected  and  initially  a  single  section  of 
compensation  is  assumed  to  observe  how  close  to  the  desired 
response  the  system  will  perform.  As  can  be  seen  in  the 
resultant  graphical  putput  of  figures  IV-6A,  IV-6B,  and 
IV-6C,  the  single  section  compensator  fails  to  meet  the 
reguired  frequency  specifications.  In  fact,  while  it  is 
pcssible  to  stabilize  ths  system  with  a  single  section 
compensatcr  the  bandwidth  will  be  excessively  large  and  the 
desired  magnitude  profile  prevents  the  program  from 
accomplishing  this.  The  numerical  results  returned  frcm  the 
single  secticr  compensator  run  are  shown  in  figures  IV-6D, 
I7-6E,  and  I?-6F.  As  can  be  seen  in  figure  IV-6F,  the  Routh 
test  of  the  characteristic  equation  also  indicates  system 
instability  which  is  to  be  expected.  The  magnitude  and 
phase  difference  curves  of  figures  IV-6G  and  IV-6H,  which 
indicate  the  difference  between  the  specified  magnitude  and 
phase  prcfiles  and  the  values  actually  achieved,  indicate 
that  additional  compensation  may  be  needed  at  the  higher 
freguencj  ranges.  Thus  a  double  section  compensatcr  was 
assumed  and  the  results  achieved  are  illustrated  in   figures 


94 


IV-6I,  IV-6J ,  and  IV-6K.  The  program  is  able  to  satisfj  the 
specifications  with  a  double  section  of  compensation  and  the 
parameters  reguired  to  accomplish  this  are  shown  in  figures 
IV-6L,  IV-6C,  and  IV-6N.  The  differences  between  the 
desired  and  specified  magnitude  and  phase  values  fcr  the 
double  secticn  cf  compensation  inserted  in  the  systen  are 
shewn  in  figcres  IV-60  and  IV-6P. 
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5-    Compensator  Design,  Example  5A 

Ibis  final  compensator  design  example  represents  a 
prctlem  cf  a  slightly  different  nature  than  those  presented 
to  this  point.  Tie  servo  system  under  consideration  here 
has  a  zero  order  held  present  in  the  error  channel  and  in 
addition,  due  to  the  large  coefficient  values  that  result  in 
the  plant  transfer  function,  the  problem  reguires  frequency 
scaling  in  order  to  insure  that  the  numerical  limitations  of 
the  particular  computer  that  was  being  used  would  net  be 
exceeded.  The  original  single  loop  system  is  shown  in  the 
block  diagram  cf  figure  IV-7.  Series  compensation  of  this 
system  was  desired  in  order  to  meet  the  following 
specifications;  1.)  the  open  loop  magnitude  at  377 
radians/secccd  >  30db,  2.)  the  gain  crossover  freguency  > 
1865  radians/second,  and  3.)  the  phase  margin  at  gain 
crossover  >  45  degrees.  These  specifications  were  to  be  met 
using  only  a  series  compensator  and  the  parameters  of  that 
part  of  the  system  shown  in  figure  IV-7,  other  than  the 
compensator,  was  tc  remain  unchanged.  An  initial  atteipt  at 
using  the  CALICO  program  to  design  a  compensator  resulted  in 
a  warning  of  excessive  number  size  during  computation  and 
recommended  freguency  scaling  of  the  problem.  Thus  a  scale 
factor  of  10C0  was  selected  as  a  convenient  value  and  the 
entire  system,  including  the  sampling  freguency  of  th€  zero 
order  hold,  was  scaled  down  in  freguency  by  the  value  of 
this  scale  factor.  Using  Laplace  transform  notation,  this 
was  accomplished  by  a  straight-forward  substitution  of 
s  =  1000S,  where  S  represents  the  new  scaled  freguency 
values.  A  blcck  diagram  shewing  the  values  of  the  system 
parameters  after  scaling  is  given  in  figure  IV-7A.  When 
this  type  of  scaling  is  performed  the  resultant  numerical 
values  cf  the  program  need  only  be  multiplied  ty  the 
appropriate  constant  value  in  order  to  be  corrected  for  use 
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in  the  unsealed  system. 

Originally,  work  on  this  particular  system  indicated 
that  a  fifth  order  compensator  could  provide  the  necessary 
phase  margin  and  gain  crossover  frequency,  tut  that  the  30 
db  specification  at  377  radians/second  was  not  satisfied. 
Thus,  with  this  information  as  a  starting  point  the 
magnitude  profile  of  the  system  with  the  fifth  order 
ccapensatcr  in  the  loop  was  adjusted  at  the  .low  freguency 
end  to  satisfy  the  30  db  requirement  at  the  scaled  freguency 
value  of  C.377  radians/second.  The  phase  profile  was  left 
unchanged.  The  results  of  the  program  can  be  seen  in 
figures  IV-7E  through  IV-7I.  As  can  be  seen  frou  the 
graphical  cutput  the  desired  specifications  have  teen 
satisfied  ty  the  resulting  compensated  system. 
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V.    SYNTHESIS  OF  TRANSFER  JUNCTIONS  FROM  FREQUENCY 
RESPONSE  DATA 


A.    GENEBAI  DISCUSSION 


In  the  process  of  running  various  test  problems  to 
exercise  and  verify  the  algorithm  presented  in  the  preceding 
chapters,  it  was  found  that  in  addition  to  its  use  as  a 
compensator  design  program,  the  basic  method  could  also  be 
applied  to  the  synthesis  of  transfer  functions  from 
freguency  response  data.  That  is,  if  the  magnitude  and 
phase  measurements  of  some  system  are  obtained  it  is 
possible  to  use  the  program  (CALICO)  in  order  to  obtain  an 
approximate  linear  analytical  expression  for  the  transfer 
furcticn  of  the  system  from  which  the  measurements  were 
obtained.  This  type  of  problem  is  quite  often  encountered 
in~ the  modeling  process  of  dynamic  systems.  That  is,  the 
engineer  may  have  measured  input-output  data  of  the  system 
in  the  form  of  a  freguency  response  and  is  confronted  with 
obtaining  a  transfer  function  which  will  model  this  system. 
This  may  be  the  result  of  the  process  being  toe  complex  to 
be  analyzed  and  the  pertinent  equations  written  on  the  basis 
of  physical  laws  or  the  governing  physical  laws  may  net  be 
completely  understood  in  the  case  of  systems  involving  new 
technologies  or  reasearch  efforts.  Quite  often  the 
procedure  followed  in  synthesizing  or  determining  an 
approximate  linear  transfer  function  from  frequency  response 
data  is  to  construct  a  Bode  plot  for  the  measured  data  and 
to  fit  the  measured  characteristic  with  straight  line 
asymptotic   approximations   where   possible   and   quadratic 
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factors  where  sharp  peaks  in  the  measured  data  occur.  As  in 
compensator  design  by  classical  frequency  domain  techniques, 
this  procedure  for  synthesizing  transfer  functions  can 
involve  a  considerable  amount  of  time  consuming  and  tedious 
"cut  and  try"  en  the  part  of  the  engineer. 

The  algorithm  previously  presented  is  so  structured  that 
the  use  cf  the  program  for  this  type  of  transfer  fucction 
synthesis  is  possible  with  no  modif icatioDS  to  the  coding 
itself.  Since  the  algorithm  was  not  originally  developed 
for  the  specific  purpose  of  transfer  function  synthesis 
there  are  several  precautions  that  must  be  taken  in  order  to 
insure  that  the  transfer  function  obtained  does  indeed 
adequately  represent  the  system  from  which  the  measurements 
were  obtained.  In  particular  when  using  the  program  in 
order  tc  synthesize  a  transfer  function,  a  separate 
simulation  program  for  time  domain  response  should  be  used 
to  verifj  the  transfer  function  obtained.  This  procedure  of 
checking  the  time  domain  response  should  be  followed  for  any 
transfer  function  obtained  from  frequency  response  data. 
The  primary  concern  here  is  that  it  is  possible  to 
accurately  represent  the  frequency  response  cf  some  systems, 
over  a  finite  freguency  range,  by  a  transfer  function  of 
higher  order  than  the  true  transfer  function,  but  in  some 
cases  the  deminant  response  to  standard  time  domain  inputs 
will  be  considerably  different  than  that  of  the  actual 
system.  Alsc,  while  there  is  a  direct  relationship  between 
the  time  domain  and  frequency  domain  responses  through  the 
inverse  fourier  transform  integral,  this  integration, 
strictly  speaking,  is  taken  over  the  entire  frequency  range 
frcm  -  oo  to  400.  in  practical  applications  it  is  ctviously 
necessarj  to  limit  the  range  of  frequencies  to  be  measured 
to  some  finite  region.  If,  however,  this  region  is  not 
sufficiently  large  for  a  particular  system  the  resulting 
transfer  function  obtained  frcm  the  frequency  response  data 
may  not  accurately  describe  the   system.    If   this   is   the 
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case,  it  should  become  readily  apparent  in  a  time  domain 
simulation  of  the  eguation  obtained  from  the  frequency 
response  data.  The  possible  pitfalls  in  the  use  of  this 
algorithm  to  accomplish  transfer  function  synthesis,  such  as 
the  one  just  mentioned,  will  be  discussed  later  when  some 
example  problems  will  also  be  presented. 

A   linear   time   invariant   system  may  be  expressed  as  a 
ratio  of  two  frequency  dependent  polynomials  of  the  form 

n        n-1 
a  s   +  a   s    +  ...  +  a  s  +  a     N(s) 
n      n-1  10 

H(s)  = 


m        m-1 
bs   ♦  b   s    +...  +bs+b     D(s) 
m      m-1  10 


where  s  is  the  frequency  dependent  complex  variable  cf  the 
Laplace  transform.  Thus  the  value  of  this  transfer  function 
is  dependent  upon  the  value  of  s  and  the  unknown 
coefficients  cf  the  numerator  and  denominator.  Note  that 
this  is  analogous  to  the  situation  that  occurs  in  the  design 
of  a  cascade  compensator  for  a  unity  feedback  system  with 
the  plant  represented  by  a  unity  gain  block.  Thus  for  the 
purposes  cf  using  the  program,  if  we  imagine  the  measured 
frequency  response  data  to  represent  some  desired  system's 
open  loop  freguency  response  profile,  and  represent  the 
plant  of  that  system  by  a  constant  gain  of  unity,  then  the 
transfer  function  H(s)  to  be  synthesized  may  be  considered 
the  same  as  a  cascade  compensator  in  the  system.  Thus  by 
representing  the  problem  in  this  manner  the  CALICO  program 
may  be  used  to  approximate  the  transfer  function  cf  the 
actual  system  by  varying  the  parameters  of  this  cseudo 
compensator  (actually  the  transfer  function  of  the  system) 
in  order  to  ninimize  the  cost  function.  The  cost  function, 
here  represents  the  error  between  the  measured  frequency 
response  data  (entered  as  the  desired  profile)  and  the 
freguency   response   simulation   calculated   by  the  program. 
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Thus  in  effect  the  program  minimizes  the  errcr  between  the 
transfer  function  approximating  the  system  and  the  measured 
frequency  response  of  the  system  at  the  discrete  freguency 
points  which  form  the  profile  input  into  the  program. 

As  is  the  case  when  using  the  program  tc  design 
ccmpensatcrs  the  user  must  assume  a  specific  order  fcr  the 
numerator  and  denominator  representing,  in  this  case,  the 
transfer  function  to  be  synthesized.  While  unfortunately 
the  prograa  will  not  vary  the  order  of  the  numerator  and 
denominatcr  tclynomials  in  order  to  obtain  the  best  match  to 
the  measured  frequency  response,  the  user  can  employ  the 
measured  data  in  order  to  make  an  initial  guess,  as  it  were, 
of  the  form  cf  the  transfer  function.  After  this,  one  may 
scrutini2e  the  results  from  the  program,  which  graphs  the 
measured  aod  simulated  responses,  to  make  a  decision  if  the 
fcrm  of  the  transfer  function  should  be  adjusted  in  order  to 
more  closely  represent  the  system.  Here  also,  a  time  domain 
simulation  might  be  extremely  useful  in  guiding  decisions 
regarding  the  particular  form  cr  modification  that  should  be 
tried  in  order  to  obtain  a  "good"  model  for  the  system  under 
investigation.  The  fact  that  the  user  selects  the  specific 
crders  cf  the  transfer  function  numerator  and  denominator 
and  the  minimization  routine  varies  the  parameters  to  obtain 
a  minimum  cost  function  while  leaving  the  crders  unchanged 
presents  the  potential  of  obtaining  a  low  order  model  of  a 
higher  crder  system.  While  for  linear  systems,  with  known 
transfer  functions,  there  are  numerous  analytical  techniques 
available  for  accooplishing  this,  the  capability  exists  here 
of  essentially  obtaining  a  reduced  order  transfer  function 
without  a  priori  knowledge  of  the  higher  crder  transfer 
function  describing  the  system.  The  only  data  required  by 
the  program  is  the  frequency  response  of  the  higher  order 
system  and  nothing  concerning  the  parameters  of  the  high 
crder  transfer  function  is  required. 
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Since  scite  transfer  functions  may  contain  roots  of  the 
numerator  polynomial  in  the  right  half  of  the  s-plane 
(ncnmininum  chase  systems)  this  type  of  transfer  function 
should  cct  te  overlooked  when  attempting  tc  model  a  system. 
To  this  end  a  nonminimum  phase  option  may  be  chosen  ir  the 
CALICO  computer  algorithm.  When  this  option  is  selected  the 
search  area  fcr  the  numerator  coefficients  is  expanded  to 
include  both  positive  and  negative  values  and  the  implicit 
constraints  requiring  left  half  plane  roots  for  the 
numerator  polynomial  are  eliminated.  Selection  of  this 
option  dees  net  guarantee  that  a  nonminimum  phase  transfer 
function  will  result  from  the  CALICO  program  but  it  does 
allow  this  type  of  transfer  function  to  be  considered  as  a 
feasible  solution  cf  the  problem. 


TRANSIEB  I0NCIION  SYNTHESIS:  EXAMPLE  PRCEIEMS 


In  this  section  several  example  problems  are  presented 
to  illustrate  the  use  of  the  CALICO  program  in  deternining 
transfer  functions  from  freguency  response  data.  These 
examples  illustrate  the  validity  of  the  basic  concept  of 
using  the  miDiaizatipn  algorithm  to  determine  the  transfer 
function,  tut  they  are  by  no  means  an  exhaustive 
presentation  of  all  possible  variations  of  cost  functions 
and  freguency  ranges  that  may  be  employed  in  determining  a 
transfer  function  representation  of  a  system.  For  example, 
as  will  te  shewn  in  the  example  problems,  different  transfer 
function  representations  may  be  obtained  by  considering 
different  ranges  of  the  measured  freguency  response.  That 
is,  while  the  order  pf  the  numerator  and  denominator  are 
fixed  by  the  user,  the  parameter  values  returned  frcm  the 
program  may  vary  depending  upon  the  frequency  range  being 
considered.  This  nay  be  desirable  if  seperate  low  freguency 
and  high  frequency   representations  are   being  determined. 
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Also  in  using  the  type  one  cost  function,  which  includes 
both  phase  and  magnitude,  the  cost  surface  is  different  than 
if  the  magnitude  difference  alone  were  used  in  the  cost 
fucction.  This  has  an  effect  on  the  resulting  parameter 
values,  particularly  when  lower  order  transfer  functions  are 
chcsen  tc  represent  higher  order  systems. 

The  necessary  data  and  the  input  format  employed  are 
almost  identical  to  those  used  when  the  program  functions  in 
its  originally  designed  compensator  design  mode.  Figure  V-1 
illustrates  the  input  data  deck  used  for  the  first  synthesis 
example  problem.  As  can  be  seen  the  only  significant  change 
is  that  the  jlant  has  been  represented  by  a  unity  gain 
transfer  function..  This  has  the  effect  that  the  resulting 
"compensator"  represents  the  transfer  function  modeling  the 
entire  system. 
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1  •    s x n t hesis  Example  _K 

The  frequency  response  data,  shewn  graphically  in 
figure  V-2,  was  generated  from  a  known  transfer  function 
using  a  computer  frequency  response  program.  As  can  be 
seen,  twerty  magnitude  and  phase  values  were  selected  at 
discrete  frequencies  over  the  range  from  0.1  radians/second 
to  30  radians/second.  Examination  of  the  frequency  response 
data  suggests  a  transfer  function  of  the  form  of  a  cocstant 
gain  over  a  polynomial  of  some  unknown  order.  This  form 
will  yield  a  constant  magnitude  at  low  frequencies  and  a 
decreasing  nagnitude  as  the  frequency  increases.  Closer 
examination  of  the  magnitude  curve  in  the  range  between  2 
and  20  radians/second  indicates  a  slope  of  approximately  60 
dh/cecade,  implying  a  polynomial  of  at  least  third  order  in 
tfce  denominator.  The  phase  curve  extends  from  10  degrees  to 
330  degrees  over  the  range  of  frequencies  considered.  This 
indicates  that  the  denominator  may  be  of  fcurth  order  or 
higher.  As  a  first  guess  a  third  order  denominator  is 
assumed.  The  results  from  the  CALICO  program  are  sho«n  in 
figure  V-2A  through  V-2H.  The  initial  guess  for  the 
denominator  rccts  and  the  system  gain  were  chosen  as  1,  as 
can  be  seen  in  figure  V-2F.  Figures  V-2A  and  V-2D  she*  that 
the  resulting  magnitude  curve  approximates  the  measured 
response  well  at  the  lower  frequencies  with  a  slight 
deviation  begining  to  appear  at  the  higher  frequencies.  The 
phase  plct  of  figure  V-2B  and  the  plot  of  the  difference 
between  the  actual  phase  and  desired  phase  shewn  in  figure 
V-2E  indicate  a  significant  amount  of  deviation  frcm  the 
measured  values  in  the  higher  frequency  region.  This 
sugqests  that  another  pole  in  the  transfer  function  is 
necessary  to  mere  accurately  model  the  system.  Thus,  the 
prcgram  *as  again  executed,  this  time  using  a  fourth  order 
denominator.   The   results   illustrated   in   figures    V^2I 
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through  V-2F  indicate  that  this  second  form  of  the  transfer 
furcticn  acre  accurately  represents  the  system.  Since  the 
original  transfer  function  is  known  in  this  case,  an 
opcrtunity  exists  to  evaluate  the  performance  of  the  program 
in  terms  of  the  accuracy  of  the  transfer  function  returned 
after  minini2ation  of  the  cost  function  based  on  the  input 
freguency  response  data.  This  of  course  would  generally  not 
be  the  case  when  trying  to  determine  the  transfer  fucction 
of  an  actual  sy  steun  that  was  to  fce  modeled.  The  parameter 
values  returned  from  the  CALICO  program  shown  in  figure  V-20 
may  be  compared  with  the  original  transfer  function  given 
below. 


126.0 
T(s)  = 


(s  +  1)  (s  ♦  2)  (s  +  5)  (s  +  10) 

As  can  te  seen,  the  values  of  the  transfer  function  roots 
returned  from  the  program  for  the  fourth  order  denominator 
are  in  agreement  with  the  values  of  the  original  transfer 
furction  used  to  generate  the  freguency  response  data.  If 
for  the  system  under  consideration  only  the  magnitude 
response  fcere  of  interest,  the  transfer  function  consisting 
of  a  constant  gain  over  a  third  order  denominator  might  be 
of  sufficient  accuracy  to  model  the  system.  This  judgement, 
of  course,  rests  with  the  user  who  is  familiar  with  the 
intended  use  of  the  transfer  function  modeling  the  system. 
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O  desired  response 

X  actual  response 

—  "continuous"  actual  response 

L 

-300° 


-80db 

Magnitude  vs.  Phase,  Run  #1 
Figure  V-2C 
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<> desired  response 

X  actual  response 

—  "continuous"  actual  response 

I     I     ■     I 


-SOdb-L 
Magnitude  vs.  Phase,  Run  #2 

Figure  V-2K 


145 


J*3 L 


•a 


146 


o 

a) 

0} 

\ 
w 

id 

u 

< 

< 

< 

< 

— 

o 

o 

< 

< 

<J 

< 

<3 

0 

<3 

< 
<T 

<3 

O 

< 
< 

t4 

< 

1      1 

-    1           J 

1 

< 

£ l_ 

—J — 1 

J 

-J J— 

>1 

o 
c 
<d 
3    S 

Q)  I 
H  > 
fa 

•  n 
w  ^ 
>     tp 

•H 

a)  fo 
o 

c 


o  O 

o 


147 


< 

at 

UJ 

73 

Z 

Z 

LJU. 

~o 

►— 

-ca 

atCL 
u_ 

u-O 
mz 

<a 
U.Z 

H-  LU 
O 


<r  <z 

z  z 

UJ  UJUl 

3.  3-1- 

A.  2IZ 

>_J  O  — 

Z  2U 

3  3«-i 


0u. 

t- 

Z"t 

!3'ij 

U_3 

U 

U! 

.«£— • 

<u 
u.^ 

o 

Q00 

h- 
<Z 

z 
xz 

UI.i 

o— 
zo 


a 

1- 
< 

UJ 

2: 
z 

u_ 
2C 
U 

— *J*> 
t-a. 
O'JJ 
Z3 

U-CL 

xo 
;jz 

OOCj 

z-z 

0:0 


< 

z»— 

•j_z 
3-IJJ 

CJO 

u. 


o 
o 

s   I 

o       ; 

O  i 

o 
o 
o 


l/l 


zu 
LJ 

— '</? 

22 

3C 

U.O. 

3iO 
-UZ 

ma 
Z-£ 

<L_i. 

ao 

< 

uz 


VOCO 

z»- 

Q.UJ 


a 

a 

a. 
o 
O     cc 

c? 
iii  t- 
o  < 
o    z 

o     — >*- 

o    So. 

o    o< 

•  'J.' 
s3      O 

c: 
z<i 

CJZ 

o     >—  o    c     o 
o     o<       •       • 

zs:    o    o 

UJ  "D-* 

Q  U_ 

CJ 

O  at 

O        Lil 

U      oo 

•  wt        00 

ct»— 

t-Q'        UJ       UJ 

<c    o     o 

Qua.    u    o 

O      ►--J     o      o 

Ul  '-1UJ  O       03 

O  Zj:  •        • 

O  UJ  — '       — « 

O  3-  II 


U. 

</) 

<Z 

X  — 

a. 

2LUJ 

Z>3 

CN 

£Q 

**= 

•—-j 

Z.J 

c 

— ■< 

3 
tf 

z-    z 

LiJO 

U-X*-1 

„, 

X      1- 

4J 

_)Z 

3 

L-  —  Z> 

4J 

z 

02U. 

3 
O 

CN 

uo^a: 

> 

-O^ 

iH 

a:u_ 

(13 

a) 

ZaJV) 

0 

m 

CJ^vlZ 

•H 

p 

— .      <j 

H 

tr 

t-UL'SC 

Q) 

•H 

'■j^zy- 

S 

fa 

z< 

p 

Jja 

z 

ii.a_<_> 

»— 

M 

QiU«- 

<D 

■j:_,ii 

+J 

u.<^c 

3 

W)lUJ 

a. 

Z        3. 

g 

<!»—*- 

0 

acXu 

u 

i-OO 

nc^uj 

U      J_ 

t-on- 

<z 

^       0l 

Z-i-C 

a.  xu. 

Q.C.1 

rrj-z 

^J'ULJ 

O^  — 

143 


J 

lL 

2> 

a 

_> 

l_J 

u_ 

o 

►- 

2: 

oO 

a. 

a 

_> 

u 

V- 

Ol 

— 

cc 

■3 

<r 

& 

<— • 

a 

2T 

X 

•— < 

£X 

21 

OJ 

LU 

UJ 

X 

x 

LL'-O 

QCU. 
'.JO 
li- 
<rj 


DC 

JJUJ 

u-O 
2.1/1 

2" 

CJ.— 


o 
o 

I 

(••0  .U' 

.t_        in 

•  —•  ao 


o— 


ecu. 

UJLJ 

«£CE. 

Q:3 


2 


— I— 


CO 


OS 

< 

0 
— > 

•-a: 
o<: 

UL-J3 
< 

as 


o    c 
o    o 


CO 
-4        *C 

O      <I 

at 

LU       I— 
ftj 


-h     coo. 
•      ^ 

»-t       LU_J 
U.< 

occ 
o 


o    o 

o    o 


r\j     a. 


o  o 

S3  —• 

<•  CO 

•  • 

in  -4 


P 

+J  O 

p  cs 

O  1 

> 

rH 

o  ^ 

•H  3 

^  en 

a)  -h 

e  fa 
3 


P 

» 

0 

u 


149 


LU 


t/->  •— •  —*  — <— *— i— «  i—i  — •  -J  JM  M  (\;  Cvj  f\j  tsX  r\l  CM  <\J  (M  f\^ 

ctCOOOOOOOOCOOOOCOOCOO 

X 

O.LU'.uu'ti'U  'u.:u:Ujuju.»u    i.'-i'iiju.'ii-'u  ujujli; 

cooccofoocoo.coooccoo 
ocoocoofooco^ocoooooo 
u'ooqw  doooooococcoocoo 

b  COOvOCO-OOOO  ^0000001 
•-.r-  c^ f-  O j-\  j-\ rr 'inirv^o rv r- m co rv  xt  >*■  — i it. %o 

a.  !••••••••••••••••••• 

d  _■  «H  i— <  CV .  f»  ,*■  LO  f>-  O*  — <  — i  -*  — *  (NJ  f\J  <\!  <\J '  <)  ,*>  ■«"» 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  t  I 


_<  ^*  » 4  •— t  — •  ^-i  i— i  _  —*  cm  -\j  po  <\:  ^  f\!  ,%j  <\j  <v  (\t  <\i 

OOOCCCOOCOOCOOOCCCOO 

Cu^:;    U.J LfU  J--    !      -:.  UlU    UiL'    !   JU'LJ 

— f: o m *o <i  ^oir.m-0-jj— NONJiiN«c/>o 

^  po  5-.  ,£>  r^  i^  tf\  >J>  ip,  t\J  f«l  —4  *~  ;\j  *-—«»•»■  vT  —>  ir>  nO 

<  o  ro  t  la  <—i  vj-  a-  lt>  m  — *  >r  -c  a*1  — <  <r  -o  i>  o  — <  "M 
I    I    i    t    i    I    I    I    i    I    i    i    t    i    t    I    l    •    I    » 


-CCCCQCCOOC 

tr  I  I 

<UJU-u  '— ■     _  '_l..  UJL'j 

•-.  cr  o  J*-  o  >r  co  f-  o  «  sf 


0«4*-*«-*~l-*~4<-«-4-4 

oococ^cooo 

LLflUU  UJUJU-i-jU  '^Ij-J 

NCMr^O'-nroOtrto-j" 

O^fOfM.-n^— jo>3  o 

—•—•<•  »r  r\j  — •  *-  t/»  <m  <N 

2?  c^  — i  <M  T  *"»  '**•  ^  "23 '*- 

"*  — <  ~r  u  >  <r\  ro  C* — ?■*■  *» 

corooDvr— Or-r^o  O 

</) 


I     I     t     I     I     I     I     I     I     I     I     I     I 


=ocoooocoo-->oooo 
a(      ^     ( I    I 

ui<^i*J■<3f^);-'N'^J<-,  "OU^-J^fMro^vr 
C  (\j  cj  •  ■<->  tr  <r  vr  r-  io  o  vo  j-1.  rn  >r  m 
;jeor^  v*  fNi  nu  «r  •— i  —<<%!«-:  o  u"\0  >-j 


oocco 


^J  >•  ^  f*.  rO  — • 

•j>>rt-3^io<-» 

OONC'MLT 

OT^U-^'-i> 

incK^-"  r—r— 

— <(^r-c»Mj-o 

m  '.M  «j-  it\  <  *— 
•    11*11 

S  I  •  I  I  I  I  I 


oooccoooocoocaosocoo 
I  I  I  I  I  I  I  I 

lUt';U,'JJU'l  JLUU.lL'  IU.iU.HiJtl,|U.,li.»U"tH"ll.!i; 

>ooooo^oocr  o^^^ooco^oo 

J0»OOOOJs(,,'3?GU,,J,^OOOOCQO 

3C?  tj^  -vi  orj  -O  m  3D  O  •  J-  c_>-*  vy  l^u'  -1  ^.»kT>  rvjo 
W'IJ^^^CwO-J-JNvjO  O  ^3  "  J  «C  ;  vi  U 

UJ  •••••••••••••••••••• 

aC0>i— •— «:\Jr<"l>j-0'53<-*«— iMNH^j^-i 4-^rgrr^ 


11 

I— 


U-  LiJ 


4J 

-p    a* 

°  i 


u     ^ 

•H       3 
J-l       !T> 

r 

u 
a) 

I 

U 


150 


2-    Synthesis  Example  2* 

As  a  second  synthesis  example,  consider  the 
frequency  response  data  shown  in  figure  V-3.  Here  the 
magnitude  and  chase  response  for  a  system  are  shown  at 
twenty  distinct  freguency  values  over  the  range  from  0.1  tc 
100C.0  radians/seccnd.  As  can  be  seen  from  this  figure  the 
positive  slope  of  20  db/decade  of  the  mgnitude  curve  at  the 
lower  freguencies  suggests  a  transfer  function  with  at  least 
one  zero.  This  is  also  confirmed  by  the  phase  response, 
which  at  the  lower  frequencies  initially  has  a  value  cf  90 
degrees.  At  the  higher  frequencies  inspection  of  the 
magnitude  plot  shows  a  negative  slope  of  approximately  40 
dfc/decade,  indicating  the  dominance  of  a  third  order 
denominator  in  this  area.  The  phase  plot  approaching  -180 
degrees  at  these  higher  frequencies  also  suggests  this. 
Thus,  initially  a  form  for  the  transfer  function  consisting 
of  a  first  crder  numerator  and  a  third  order  denominator  was 
selected  tc  model  the  system  from  which  the  freguency 
response  data  was  obtained.  The  results  are  shewn  in 
figures  V-3A  through  V-3H.  As  can  be  seen  fron  the 
graphical  output  presented  in  the  figures,  this  particular 
form  of  transfer  function  appears  to  match  the  measured 
frequency  response  guite  well  over  the  entire  range  of 
frequencies  considered.  The  roots  and  gain  of  the  transfer 
function  returned  from  the  program  are  shown  in  figures  V-3G 
and  V-3H.  As  in  the  previous  example  it  happens  that  the 
exact  transfer  function  used  to  generate  the  measured  data 
input  tc  the  CAIICC  program  is  known.  This  transfer 
function  is  given  telow  in  order  that  the  reader  may  compare 
the  values  cf  the  original  transfer  function  parameters  with 
these  returned  frcm  the  program. 
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9000 
T(s)  = 


<s  ♦  2.4)  (s  +  5)  (s  ♦  150) 

As  can  be  seen  from  the  data  presented  in  figures  V-3G  and 
V-5B,  the  parameter  values  returned  from  the  program  are  in 
close  agreement  with  the  original  transfer  function  values. 
While  it  is  uclikely  that  they  will  ever  be  exactly  the  same 
as  the  original  values  there  is  certainly  not  a  significant 
difference  between  the  two  sets  of  values  fcr  most 
engineering  purposes. 
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3.   Jyn thesis  Example  3_. 

A  frequency  response  of  a  system  with  resonant 
peaks,  shcwc  in  figure  V-4,  is  considered  in  this  example. 
The  same  example  is  considered  in  ref.  19,  where  a 
combination  cf  graphical  and  analytical  techniques  are  used 
to  determine  the  transfer  function.  Initially  a  transfer 
function  consisting  of  a  first  order  numerator  and  second 
order  deocninator  was  assumed  in  trying  to  mcdel  the  sjstem. 
This  choice  was  based  on  the  low  and  high  frequency 
magnitude  curve  slopes  of  approximately  +20  db/decade  and 
-20  db/decade  respectively  and  the  low  and  high  frequency 
phase  values  cf  approximately  +90  degrees  and  -90  decrees* 
This  foru  failed  to  match  the  dip  in  the  magnitude  curve  in 
the  region  cf  10  radians/second  and  the  jump  in  the  phase 
curve  in  the  same  frequency  area.  After  increasing  the 
order  of  the  numerator  and  denominator,  a  transfer  furction 
consisting  cf  a  third  order  numerator  and  fourth  order 
denominator  was  found  to  provide  a  phase  and  gain  curve  that 
closely  approximates  the  measured  frequency  response.  The 
results  cf  this  are  shown  in  figures  V-4A  through  V-4H.  The 
numerical  values  of  the  transfer  function  parameters 
returned  from  the  program  closely  approximate  those  of  the 
actual  system  from  which  the  frequency  response  measurements 
were  obtained.  The  interested  reader  may  verify  this  fact 
by  comparing  the  values  shown  in  figures  V-4G  and  V-4E  with 
these  of  the  actual  system  given  in  ref.  19. 
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Magnitude   vs.    Phase 
Figure    V-4C 
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**•    ~I5ih€sis  Example  4_. 

Id  this  fi«nal  example  problem  a  low  order 
approximation  to  a  known  higher  order  system  is  illustrated. 
The  original  system  transfer  function  under  consideration 
consists  of  a  seventh  order  numerator  and  an  eight  order 
denominator  given  by 

7        6         S  4  3  2 

16s  +  4€3s  +6010S  +36380s  +122664s  +222088s  +185760s+40320 

8       7        6  S  4  3  2 

s  +36s  +546s  +4536s  +22449s  +67284s  +118124s  +109584s+40320 

An  analytical  methpd  of  approximating  this  high  crder 
transfer  function  is  discussed  in  ref.  21.  Initially  40 
discrete  pcints,  representing  the  freguency  response  cf  the 
high  order  transfer  function  were  selected  over  the 
freguency  range  from  0.01  radians/second  tc  100.0 
radians/second.  In  prder  to  be  able  tc  form  a  comparison 
with  the  reduced  order  model  obtained  in  ref.  21,  a  transfer 
function  consisting  of  a  first  order  numerator  and  a  second 
crder  dercninator  was  assumed.  The  results  returned  from 
the  program  using  this  form  of  transfer  function  are  shown 
in  figures  V-5A  through  V-5H.  It  is  not  surprising  that 
there  is  a  significant  amount  of  deviation  in  the  lagcitude 
curve  in  the  vicinity  of  the  resonant  effects  of  the  higher 
order  system  nor  tha<t  the  phase  response  cf  this  reduced 
order  mcdel  does  not  match  the  higher  order  phase  response 
in  the  higher  freguency  range.  In  order  tc  compare  these 
results  with  analytical  methods  for  forming  reduced  order 
models,  the  freguency  response  for  the  reduced  order  model 
of  ref.  21  is  shpwn  in  figures  V-5I  through  V-5M.  The 
nunerical  values  returned  from  the  CALICO  program  are  cf  the 
same  crder  cf  magnitude  as  those  found  by  the  analytical 
technigue,  but  as  can  be  seen  frcm  the  magnitude   curves   of 
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tb€  two  approaches  (f iguresV-5A  and  V-5I)  ,  the  analytical 
method  matches  the  higher  order  transfer  function  extremely 
well  at  the  lower  and  higher  frequencies  and  makes  little 
attempt  tc  match  the  higher  order  system  in  the  ranee  of 
frequencies  at  which  the  resonant  peaks  occur.  The  results 
returned  frcm  the  prpgram,  on  the  other  hand  because  they 
are  a  function  cf  the  deviation  of  the  response  frcm  the 
desired  values  over  the  entire  range  of  frequencies,  tend  to 
distribute  any  error  between  the  responses  over  the  entire 
range  of  frequencies  being  considered.  A  slightly  different 
representaticn  of  the  system  may  te  obtained  by  varying  the 
frequency  range  under  consideration  and  the  type  of  cost 
function  used  in  the  program.  For  example,  figures  V-5N 
through  \K5U  illustrate  the  effects  of  using  a  type  twe  cost 
function  and  limiting  the  freguency  range  from  0.1  to  100.0 
radians/secend.  Again  the  decision  as  to  which  mcdel  is 
best  must  he  made  by  the  user  in  light  of  the  intended  use 
of  the  reduced  order  representation. 
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<^ desired  response 

X  actual  response 

"continuous"  actual  response 


400 


15db 


10db/  — 


300' 


•200' 


■100' 


■5db  - 


lOdb 


-15db  - 


-20db  — 


Magnitude  vs.  Phase,  Run  #1 
Figure  V-5C 
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Magnitude  vs.  Phase,  Analytical  Transfer  Function 
Figure  V-5K 
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Magnitude   vs.    Phase,    Run    #2 
Figure   V-5P 
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VI.    CONCLUSION  AND  SUGGESTED  FUIUBE  STUDIES 


The  investigations  carried  out  in  this  thesis  illustrate 
the  feasibility  cf  automating  the  classical  design  of 
compensators  by  specifying  a  set  of  desired  values  for  the 
magnitude  and  phase  response  of  the  open  loop  system  at  a 
nuttber  cf  discrete  freguency  values  over  the  range  of 
interest.  The  results  achieved  show  that  the  complex 
airimizaticn  method  of  M.  J.  Box  is  guite  capatle  of 
handling  the  constrained  minimization  problem  and 
conveniently  provides  a  means  of  avoiding  the  numerical 
differentiation  of  the  cost  function,  reguired  with  gradient 
search  technigues.  The  incorporation  cf  stability  criterion 
in  the  implicit  constraints  of  the  minimization  algorithm 
also  insures  that  the  program  will  not  design  an  unstable 
compensator.  Ey  specifying  the  desired  response  in  terms  of 
the  magnitude  and  phase  profiles,  common  freguency  domain 
specifications  such  as  open  loop  bandwidth,  phase  margin, 
and  gain  margin  have  been  incorporated  into  one  common 
format  and  tte  necessity  for  specialized  routines  to  check 
these  specifications  have  been  avoided.  Those  example 
problems  presented  for  which  known  results  had  been 
established  by  other  technigues  show  that  the  algorithm 
presented  provides  accuracy  that  is  certainly  within  the 
necessarj  tolerances  for  most  engineering  applications  of 
compensator  design. 

Also,  while  not  specifically  designed  for  the  purpose, 
the  basic  premise  of  the  algorithm's  minimizing  the 
difference  between  some  desired  freguency  response  and  the 
freguency  response  of  the  system  as  calculated  bj  the 
computer   program  while  the  transfer  function  parameters  are 
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varied  has  been  shewn  to  be  effective  in  both  determining  a 
transfer  function  from  measured  frequency  response  data  and 
in  forming  lew  order  models  of  known  higher  order  linear 
systems.  In  the  formulation  of  lew  order  models  the  choice 
of  cost  functicn  and  the  freguency  range  specified  may  be 
usee  tc  enphasize  different  aspects  of  the  freguency 
response  which  the  low  order  model  is  tc  approximate. 

While  this  work  has  shown  that  the  basic  algcrithm 
presented  can  be  used  to  effectively  design  series 
compensators  based  on  freguency  response  specifications, 
considerable  work  remains  to  be  dene  in  this  area. 
Specifically,  an  option  to  select  that  only  real  poles  and 
zercs  be  considered  as  viable  solutions  to  the  compensator 
design  algorithm  would  not  be  a  difficult  addition  tc  the 
program  and  should  prove  guite  useful.  Also,  the 
incorporation  of  a  provision  for  handling  pure  time  delays 
would  not  reguire  significant  modification  cf  the  program 
ceding  and  wculd  extend  the  capability  of  the  algcrithm  tc 
the  soluticn  of  problems  involving  transport  delays. 
Investigaticn  of  the  method  presented  should  be  further 
pursued  in  terms  of  multiloop  systems  and  systems  invclving 
cempensatien  in  the  feedback  loop.  It  may  also  prove 
worthwhile  tc  investigate  extending  this  methed  to  nonlinear 
components  using  describing  functicn  technigues. 

In  the  areas  of  transfer  function  synthesis  and  reduced 
order  mcdeling,  a  more  detailed  investigaticn  of  both  the 
effects  cf  different  cost  functions  and  considering 
different  freguency  ranges  should  be  conducted.  In 
addition,  it  appears  feasible  to  weight  the  cost  function 
over  a  particular  freguency  range  by  varying  the  density  of 
the  discrete  frequencies  at  which  the  desired  magnitude  and 
phase  profiles  are  specified.  Time  did  not  perait  a 
detailed  investigation  of  this  idea  and  further 
investigation   intc   this   area   may   be   applicable   to  the 
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program  utilization  in  both  the  areas  of  compensator   design 
and  transfer  function  synthesis. 
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APPENDIX  A 


DESCRIPTION  OF  SUBROUTINES 


In  this  section  a  brief  description  and  background  of 
various  subroutines  is  presented  to  aid  the  interested 
reader  in  better  understanding  the  internal  logic  of  the 
program.  Also  these  descriptions  are  intended  to  facilitate 
the  task  of  anycne  desiring  to  make  mcdif icatioES  or 
additions  tc  the  program  in  order  to  handle  systems  of  a 
configuraticc  ether  than  the  unity  feedback  form  assumed 
throughout  this  work. 
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SUBROOTINE  CONOBM 

The  purpose  cf  this  subroutine  sub-program  is  to 
normalize  tie  coefficient  cf  the  highest  order  term  to 
unity.  Ibis  is  accomplished  in  a  simple,  straight  forward 
manner  by  dividing  all  the  coefficients  of  the  polynomial  by 
the  coefficient  cf  the  highest  order  term.  Thus  a 
pclynomial  given  by 

n 


P(s) 


Z)  Vs" 


i=0 
beccmes  en  return  from  this  subroutine 

n 


P(s) 

'     j      a 

n 
i=0 

n  , .  . 

where  a   is  the  coefficient  cf  the  s   term.   The  normalizing 
n 

factor  a   is  also  returned  to  the  calling  program. 
n 


It  should  be  noted  that  the  coefficients  of  the 
noraalized  pclynonial  are  returned  under  the  same  variable 
nane  as  tte  input  coefficients. 

Definitions  cf  the  input  and  output  parameters  are: 
Input  Variables 


A  real  one-dimensional  array  containing  the 

coefficients  of  the  polynomial  whose  highest  order 
coefficient  is  to  be  normalized  to  unity.  Opon 
return  from  the  subroutine  this  array  will  contain 
the  normalized  coefficients  of  the  polynomial. 
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N The  dimension  of   the   array   containing  the 

coefficients  to  be  normalized. 

VNOEM  The   normalizing   factor,   returned   tc  the 

calling   program,  by  which  all  coefficients  have  been 
divided. 
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SOBBODTINE  PHASE 

This  sutroutine  sub-program  is  used  to  calculate  the 
phase  angle  cf  a  polynomial  at  a  particular  frequency.  In 
order  to  circumvent  the  difficulty  associated  with  standard 
arctangent  routines,  which  return  values  limited  to  the 
range  -*  £r$  >*t  the  phase  contributions  fron  the 
individual  factors  are  calculated  and  then  summed  to  form 
the  total  phase  anjgle  at  a  particular  freguency.  That  is, 
if  the  pclyncmial  is  factored  and  represented  as  the  product 
of  first  order  terns  of  the  form 


P(s)  =  TT  (s  +  z.) 


i=0 


where  in  general  z   may  be  a   complex   number  of   the   form 
i 

z   =  a   +  jb  ,   then   at   a   particular  freguency  s  =  j«  the 
i    i     i 

phase   contribution   of  the   individual   factors    niaj   be 

evaluated  as 

(b   +  w  ) 
i 
-1 

<t>     =  tan    

i 


a 
i 

and  the  tctal  phase  angle  at  the  particular  freguency  is  the 
sum  of  these  individual  phase  contributions.  The  phase 
contribution  cf  each  of  these  first  order  terms  will  be 
within  the  principal  values  of  the  arctangent  routine  cf  the 
ccuputer  and  the  problems  generally  associated  with 
determination  cf  the  phase  for  higher  than  first  order  terms 
are  avoided. 
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Definitions  of  the  input  and  output  parameters  are: 

Input  Variables 

EB  A  real  one-dimensional  array   containing  the 

real  tarts  cf  the  roots  of  the  polynomial. 

fil  A  real  one-dimensional  array   containing   the 

imaginary  parts  of  the  roots  of  the  polynomial. 

N  An  integer  value  specifying   the   number  of 

rccts  cf  the  polynomial. 

CHEGA The  frequency  in   radians/sec  at   whict  the 

value  cf  the  phase  is  to  be  computed. 

Output  Variables 

TAMGD The   total    phase   contribution   of   the 

pclyncmial  given  in  degrees. 
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SUBROUTINE  PINVBT 

The   purpose   cf   this   subroutine   sub-program   is   to 

rearrange  tte  coefficients  of  a  polynomial  in  inverse  order 

frcm  that  fed  into  the  subroutine.   Consider  for   example  a 

polynomial  arranged  in  descending  powers  of  s 

n        n-1 
E  (s)  =  a  s  +  a   s    +  ...  ♦  a  s  +  a 
n      n-1  10 

Open  return  frcm  this  subroutine  the  coefficients  would   be 

arranged   in   ascending  powers  of  s.   That  is  the  polynomial 

wculd  be  arranged  as  fellows 

n-1      n 
I  <s)  =  a  +as+...  +a   s    +as 
01  n-1        n 

While   fceth   representations  are  mathematically  equivalent 

the  seguence  cf  the  coefficients  must  be  taken  into   account 

when  using  various  polynomial  manipulation  techniques  within 

the  computer.   The  method  used  in  reversing  the  sequence  of 

the   input   coefficients  consists  of  temporarily  storing  the 

first  coefficient  and  sequentially   shifting   the   remaining 

coefficients.   The  coefficient  in  temporary  storage  is  then 

placed  in  the  last  cpefficient  location.    This   process   is 

continued   with  the  use  of  nested  do  loops  and  each  tine  the 

shifting   operation   occurs   the   coefficient  in   temporary 

storage   is   placed  one   location  lower   than  the  previous 

number  retrieved  from  temporary  storage. 

This  subroutine  requires  no  ether  subroutines  or 
functions  to  carray  put  the  procedure.  The  size  of  the  one 
dimensional  array  of  coefficients  that  may  te  rearranged  is 
determined  by  the  dimension  cf  the  array  in  the  calling 
program. 

Definitions  of  the  input  and  output  parameters  are: 
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Input  Variables 

X(I)  A  real  one  dimensional  arraj  containing  the 

coefficients  to  be  rearranged.  Upon  return  from  the 
subroutine  this  array  contains  the  input  coefficients 
in  reverse  sequence  from  that  entered. 


The   dimension  of  the  array  containing  the 

coefficients  tc  be  rearranged. 
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SOBBOUTINE  PMPY 

The   purpose  of   this   subroutine   sub-program   is   to 

Multiply  the  coefficients  of  one  polynomial  X  (s)   tines   the 

coefficiects   cf   another   polynomial   Y(s)   to  obtain  the 

coeff icieots  cf  the  resulting  polynomial  Z  (s) .   That  is,   if 

it  is  desired  to  multiply  two  polynomials  of  the  form 

2  n-1        n 

P(s)=a   ♦  a  s  +  a  s  +  ...  ♦  a   s    +   as 
1   '     o     i     2  n-1  n 


and 


2  m-1        i 

P  (s)  =  b   4  b  s  +  b  s   +  . ..  +  b    s    ♦    ts 


2012  m-1  m 

tcgether  in  crder  to  obtain  a  third  resultant  polynomial  of 

the  general  fcrm 

2  i-1        i 

P  IS)  =  C   +CS+CS   +  ...  +  c    s     ♦    c  s 

3*         0       1        2  i-1  i 

this  scfcroctine  is  used  in  accomplishing  this.  The  order 
of  the  resulting  polynomial  is  calculated  by  forming  the  sum 
of  the  orcers  cf  the  two  input  polynomials  as 

i  =  n  +  m 

The  various  coefficients  of  the  resulting  pclynomial,  which 
ar€  reterned  ic  ascending  powers  of  the  indep€ndent 
variable,  are  calculated  as  the  sums  of  products  of  the 
input  coefficients  by  means  of  two  nested  do-loops.  The 
arrangement  cf  the  two  do-loops  is  such  that  the  appropriate 
product  teins  are  summed  in  forming  the  respective 
coefficierts  cf  the  resultant  pclynomial.  All  input  and 
output  coefficients  must  be  real  numbers.  The  size  cf  the 
pclynomials  that  nay  be  multiplied  are  controlled  by  their 
respective   dimension  statements  within  the  calling  prcgram. 

Definiticns  of  t-he  input  and  output  parameters  are: 
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Input  Variables 

X ■»—   A  real  one  dimensional  array  containing  the 

coefficients  of  the  first  polynomial  tc  be 
multiplied.  These  must  be  arranged  in  ascending 
powers  of  the  independent  variable. 

IDIMX  The  dimension  cf  the  array  X  c  ontaining  the 

coefficients  of  the  first  polynomial. 

I  — " —   A  real  one  dimensional  array  containing  the 

coefficients  of  the  second  polynomial  tc  be 
multiplied.  These  must  be  arranged  in  ascending 
powers  of  the  independent  variable. 

IDIMY  The   dimension  of  the  array  Y   containing  the 

coefficients  of  the  second  polynomial. 

Output  Variables 

Z  A   real  one  dimensional  array  containing  the 

coefficients  cf  the  resultant  polynomial.  These 
coefficients  are  arranged  in  ascending  powers  cf  the 
independent  variable. 

IEIKZ The   calculated   dimension   cf  the   array  Z 

containing  the  coefficients  of  the  resultant 
polynomial. 
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SUBBOOTINE  PVAI 

The   purpose   cf   this   subroutine   sub-prcgram   is   to 

evaluate  a  pclyncaial  having  the  complex  variable  s  =  <r  +  j<" 

and  real  coefficients  a  .   For  a  given  polynomial  of  order  n 

i 

of  the  fcra 


=  Z)  Vs" 


P(s) 

i=0 

s  is  declared  as  a  complex  variable  within  the  subroutine 
and  the  indicated  operations  of  summation  and  multiplication 
are  carried  cut  by  a  simple  lcop  operation  taking  advantage 
cf  the  associative  and  distributive  laws  cf  multiplication 
and  addition.  This  subroutine  requires  nc  other 
sub-programs  to  perform  its  function. 

Definitions  of  the  input  and  output  parameters  are: 
Input  Variables 

A  (I)  A   real  one-dimensional  array  containing  the 

coefficients  cf  the  polynomial  that  is  to  be 
evaluated.  The  coefficients  are  assumed  to  be 
arranged  in  ascending  order  according  to  the  powers 
of  s  with  zero  explicitly  input  for  the  coefficient 
of  any  missing  powers  of  s  occuring  in  the 
pclyncnial.  The  maximum  size  of  this  array  is 
controlled  by  the  dimension  of  the  array  withir  the 
main  prograo.  The  values  of  the  coefficients  in  this 
array  remain  unchanged  after  execution  cf  the 
subroutine. 
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NN The  order  of  the  polynomial  tc  be   evaluated. 

This  value  is  one  less  than  the  dimension  of  A (I) . 

PB The  value  of  the  real   part   cf   the   complex 

variarle   s   at   which   the   polynomial   is   to   be 
evaluated, 

EI Th€   value   of   the  imaginary   part   cf  the 

ccnplex  variable  s  at  which  the  polynomial  is   to   be 
evaluated. 

Output  Variables 

VB The  real  part  of  the  complex  resultant   value 

of  th€  polynomial  evaluated  at  s  =  °   +  j«>. 

VI The  imaginary  part  of  the   complex   resultant 

value  cf  the  polynomial  evaluated  at  s  =  <r   +  j<o. 
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SUBROUTINE  ROUTE- 


The  purpose  cf  this  subroutine  sub-program  is  to 
determine  if  a  given  input  polynomial  possesses  right  half 
plane  roots  by  using  the  Houth  stability  criterion.  The 
tclynomial  coefficients  are  input  in  descending  powers  of 
the  independent  variable-  From  these  coefficients  the  Houth 
array  is  calculated  and  the  first  column  of  this  array  is 
searched  for  an  indication  of  the  existence  of  right  half 
plane  rocts.   Thus  from  an  input  polynomial  cf  the  fora 


£  (s)  =  b  s 
n 


n-1 


n-1 


the  South  array 


+  b 


st 
1    row 


nd 
2    row 


rd 
3    row 


n-1 


n-2 


n-3 


n-4 


n-5 


th 

4    row 


th 
n    row 


st 
(n+1)    row 


n1 


n2 


n3 


(n+1)  1     (n  +  1)  2     (n+1)  3 
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is  formed,  where  in  general  the  entries  from  the   third   row 
cnward  are  given  by 

-  L(P-1Hjr(n-2)  (i+1)J  "  [d(n-2)  ij^  (n-1)  (1+1)] 

a    ~  ■ 

si 

a(n-1)1 

The  first  column  of  this  array  is  then  tested  to   determine 

if   any  of  the  elements  are  less  than  zero.   Note  that  since 

all  coefficients  are  limited   to  positive   values   by  the 

search   area   restrictions   in  ether  parts  of  the  program  no 

prcvisiou   has   been   made   to   handle   the   case   cf   the 

coefficients   cf   the  polynomial  being  all  negative.   Thus  a 

polynomial   %ith   all  negative   coefficients   should   be 

multiplied   by   -1.0    prior   to   using   this   particular 

subroutine  fcr  testing  for  right  half  plane  roots. 

Definitions  of  input  and  output  parameters  are: 

Input  Variables 

Y  A  real  one  dimensional  array  containing  the 

coefficients   of  the  polynomial  in  descending  powers 
of  the  independent  variable. 

N The  dimension  of  the  array  Y. 

Output  Variables 

ISTABL Integer  output   indicating   the  absence  or 

presence  of  right  half  plane  roots 

Q— *- Indicates  the  polynomial  has  no  right   half 
plane  rpots. 

1 Indicates  the   polynomial   has  right   half 

plane  roots. 
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SOBBCUTINE  SEMEL 

The  purpcse  cf  this  subroutine  sub-program  is  to 
calculate  th€  ccefficients  of  a  polynomial  from  the  rccts  of 
the  polyncoial.  Ihe  calculation  is  done  using  ccmplex 
arithmetic  in  order  to  be  able  to  compute  the  polynomial 
coefficients  when  complex  roots  are  present.  The  resulting 
pclyncmial  ccefficients  are,  however  assumed  to  be  real. 
Thus,  if  ccmplex  roots  are  present  they  must  be  in  conjugate 
pairs.  ilsc  the  coefficient  of  the  highest  order  term  is 
set  egual  to  unity.  Consider  a  polynomial  of  degree  n 
having  n  iocts.   This  may  be  expressed  as 


P(s)  =TT  (s  +  z.) 


i=0 

where  in  general  the  z  's  may  be  complex.   Ihe   coefficients 

i 

of   the   polynomial   that  results   when  the  above  indicated 
multiplicaticn  is  performed  may  be  computed  by  the  fcraula 


n-i   x~^ 

A.  =  (-1)    •  /     (product  of  roots  taken  n-i  at  a  time) 


Thus  the  coefficients  of  the  polynomial  are  given  by 
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a      =    z    «z    «z    »z    •...•z 

0  12         3         4  n 


-    z    «z    «z    •••••z  +    z   »z    «z    *...«z 

i  12      3  n-i  2      3*  n 


a  =   z+z+z*z+z      +    ...    +    z 

n-1  i  2  3  4  s  n 

a     =    1 

D 

The  largest  crder  polynomial  that  this  particular  subroutine 

th 
will   handle   is  a  2-0   order.   If  larger  polynomials  are  to 

be  considered  the  dimension  of  R  within  the  subroutine   must 
be  changed. 

Definiticns  of  the  input  and  output  parameters  are: 
Input  Variables 

EB  A   real  one-dimensional  array  containing  the 

real  farts  of  the  polynomial  roots. 

EI  A  real  one-dimensional  array  containing  the 

inaginary  parts  of  the  polynomial  rccts. 

N An   integer   specifying   the   order  of   the 

pclyncmial  or  eguivalently  the  dimension  of  the 
arrays  containing  the  real  and  imaginary  parts  cf  the 
rccts. 

Output  Variables 
CI   A   real  one-dimensional  array  containing  the 


12 


resulting  coefficients  cf  the  polynomial  arranged  in 
ascending  powers  of  the  independent  variable.  The 
dimension  of  this  array  must  be  one  larger  than  the 
dimensions  of  the  arrays  containing  the  real  and 
imaginary  parts  of  the  roots. 
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APPENDIX  B 


PROGHAM  LISTING 


214 


ooooocoooooooooooooooooooooooooooooooooooooooooo 

ZZ2ZZZZZZZZZZZZ22Z2ZZZZ2Z2ZZZ22Z2ZZ2ZZ2ZZZ22Z2ZZ 


<  <r<t  <i  <i  <l  <i<t<r  <  <i<  <  <i  < 

21 2  2. 2T  2. XX2:  2- 21 2. 2! 2:2.2: 2. 

—      —  OUJtO 
O     OO-JX 


«<«a«r««< 


2:2:2.2.2:2:2:2:2:2.2:2:2.2:2:2.2:2  2:2-2.2:2:: 


LJ 

P<J-i    * 

<_) 

to  *  •— 

a.. 0 

► 

Q.000 

MM 

OOOiri 

<\J 

oir\ir\-»— 

1— 1 

►^-wo 

w 

-ac'Jvr 

O 

OUCIL- 

O  "XiH 

•> 

ir\— »ou_i: 

— . 

^0<Stf 

f\l 

00  •»  "3: 

»     ^2.    .*_</> 

-»  oc2ha>  ••a 
>r    <m  •.3— o 

CM     w—  »o«-« 

w  CDOl-->J-  ► 
■*     OOQ.O.O 

—  CMl/1    »^U1 

CM    <iu_zcj<m 

—  »o   *OU_ 

•-•  oam  »-u_ 
a.     2.—  *u_o 

*     Z-TZm- 

O  QZHZO 
CM  U-C/3Z  *U> 
w—K<I  — — ' 
Of  ^"  ZU--»Q-4 
|—CM    *OOOLL 

ct^-zoomu. 

—  ZWQ< » 

o  -  -ztos:~ 
cm— a  -x<o    •*> 

UJ'-I^UZCL   »0*vCM 

«JC!CMZi/>CJ— mairo  O 

h-O'—  *2  ►0*-»xm  •  • 

»-«    JZ  *— oo*-«»hooo  o        o 

KZXO-Oin<lN<T  o  o 

*.KJ       ^OO— '2-U.^-i  II    II    II     •«  U     «0  H 

tti/i-^zm— tutoi-im^3Ui      11^.      11  a. 
z>ro^aa:  «       xzqh     x  11     x 

-jujrvjscjtou.— »<i  11  «wJ— i«J  i-hhj  t-*uj 
**.2."—  s:ujj_  ••oi—  >-iujuj»-ia.t-ii-n/>cx 
txi  »-•  vt\->  a.  u.  •—  um  »-i  j_  ui  1- » J-  u.  v?  v*  u.  uj 

at  lj  x  o  u-  u  o  i  tn  «_j  a.  a.  »-<  •— •  u.  •->  a.  u.  f«  »-• 


in»-i     z>— 

II    }—  t-,<3  r-t 

oz    <o     + 

2  CJ         I- 

uj~>~    —    z 
»>t-H<M— in     ^j 

OMJvOsTO      CJ 
>U    ••  •■•<}    rOi 

in<-"- »ir\w  11  n 
luuj     iuh  1— 

HMM<1HJJ 

1u1xu.1ucr.uu 


O  a 
2  uj 
>  t- 
_i»-<i 

Q-IXI^J 

IU 

iu 
c_i 

LLIU.UJ 
OE.CJGC. 

a    <i 

V_>Zl/> 
<.LU»— 

U.MC 

00 

Z>-fX 

20 

UJ  » 
HQ> 
UUJf- 
t—t/T— 
U-ZDZ 
U.  D 
LUCO 

O       CO  »~ 

zqco  a 

hoi-     z        e; 

UL  -       <f 

(_)       CJ       X  — 

<i_iuj     cc     na 

or»-o  u.  i-h 

s:co  z  c  • 

OO'/l  •-•  00 

t-z<  uj 

>-  —  —  • 

Z-JCO        >£>       02: 

UOm       >0         «Ct 

»—    y     in-t-aiu.     . 

UU.Q1      >— 'Z    »z       • 

aii-tuj  z*-*Q* 

«/»     »—     cj  11  ■— >-. 

<3.  II 

<L     *U.        UJUU.U. 

i-taL.uj     cc^.  1-1  »-«»-•• 

UJLJU-  « 

OJU.U 


in 


,ct«-i 
»r-i— 

.1XQ 


uuucu 


215 


ooooooooooooooooooooooooooooooooooooooooooocoooo 

ZZZZZZZZZZ2ZZZ2ZZZZ2ZZZZZZZZZZZZZ2Z2ZZZZZ2ZZZZZZ 

«<<i<<i<<i<i<i<«i«i<i<i<i<i<i<i<i<i<<i<i<i<i<i<<t<t<i<i<i<<i<<.<<<i<.<i<i<<.<x<<i<i 
2: 2: 2.  2: 2:  x  2:  2:  2:  2:  2.  2:  2:  2:  at.  2: 2. 2:  2:  -j.  2: 2:  2.  2: 2.  2.  2: 2.  2:  2  2: 2:  2:  2:  2: 2. 2: 3:  a.  2: 2:  a.  2: 2: 2. 2:  a.  2. 


O  — •         —                               h- 

2  «-•         «a                            ,£. 

CJ  I-          I-                                   <l 

cc        ec  _i 

>  cc        of                         a. 

_J  ID             UJ 

2  .-.HI                                                    > 

O  •>              »                                      CO 

CJ  h-            I-                                       VJ 

UU  U            LJ                                       H- 

oc  i_»        0                          z 

uj  cc        cc                          uj                                     i/> 

l-  2        2                          •-                                     t- 

2  o                                     2 

m  U_            U_                                      —*                                                     UJ 

OO  u.  *-*     — 

uj  o*-«    o        «i               u_                                   00. 

CD  — .      -*              ►+-         •»           J—            I—       UJ                                                       *~*       2 

O     2        »-icrcot-»         cc         2     u  u_      •• 

o  o      •»        H-ac     H-         cc         ^     <_>                                      u_     t-* 

UJ  »      ,-1            CCUJC.CC            UJ            '-» 

Uj  »->       II              »>*-\-   -*-*!£. 

2  t—     *-*         a.  -    a.          - 

cmoc       •>        H-— «ujh-         <.  * 

10  •>    — >         act— ocr         1—         — 

cc  occ     •—          *o      ■»        O        a* 

a  »-H-    w        clo— a.        o        ~*    ujcc        >-• 

1-  cc     o        2CCO2        on 

0  o-o  -2  •  -  2  x 
<s.  m  02  —  o  00  » 
u_  *    cc»-«    — «        or-o— ujo—— — *— — • 

«r     cc.cc— »         —  •  *^»r^  •■^(vjmcumrsjcvj     ^o 

ai  »■     1  1  ^._»    *r«-*co    «oh    >o>o«o>o>oh    2»— 

X  CM                «CO      -O       *Q  H—21   •.•••.►•.•.     <r<l 

t—  II   lit— 2.        *u  CDVj'viJtxajNU^MJ'Ovoo^ 
— ,-i        _jujcoua        a^oca-^w^ww 

U.  h-i  +  — .  — .    •</>      — '— — 'OL      ujo. 

U  CC  l-4t-l»-n-«       U       CL2       UJi—       LULUUJUJUJO 

</>  11  a,*-*     _i     <*.«—     _ji-«     _!•-"►- 

u-  a.       r-f—  U_«q.U>UJl_i<J-**UC.U-^Cr(JLa.CXLCl_J       •-•1—       0*"LJ       (— «,»tt       "J       CTU-UL.       Uu       UJCXU»       U< 

_j  wt-aat-uoas-'wujt'-'OJi-ijtJi^ty     »—  *-     a«iu     -c^ijt     h-     js.»-ij6     »-     i_>.s^     o 

1  I'l  ^            Ul«       p-                                            ou 


216 


ooooooooooooooooooooooocoooooooooooooooooooooooo 
y^y>u^oooooooooo«^«^»^«^»^»^t^,^«^»^^<^JOsjcsjfsjf\ic\4tvirvjc\j(r)n)(r»o»ni(^nioifr»(<>^->T«T>r>3" 

Z2ZZZZZZ2ZZ2Z2Z7?ZZ22Z2ZZZZZZZZ^222ZZZZ2ZZZZZZZZ 

«««L«««««««««««<<I^<««<1«<<4«<<<4 

2: 2. 2. 2: 2: 2. 2: 2: 2: 2: 2: 2. 2: 5: 2: 2. 2: 2: 2: 2. 2: 2:2  2: 2:2  2: 2. 2"  2: 2: 2: 2.x  2: 2. 2: 2: 2: 2. 2.2  2  2: 2: 2. 2. 2. 


co  >-  z 

2;  ►-  • 

uj  co  o  or: 

O  Z  U-  H 

M  •                                       LU  LL  <r 

u.  a.                                                                                                *-*  LU  QC 

UL  LJ                                         u  o  UJ 

uj  f—                                hn  <->  a. 

(_>  <X                                              U-  _J 

cj  z                                 u.  a.  z 


X 

2. 

• 

• 

O 

l~ 

Of 

H- 

O 

QC 

z 

O 

<I 

0 

»-> 

Z 

O 

1-4 

QC 

K- 

■x 

UJ 

h- 

O: 

oc 

UJ 

«• 

<s 

> 

a 

a 

Z 

•— • 

O 

0 

2: 
3 

Q. 
Z 

z 

<l 

K 

z 

H-4 

■»" » 

or. 

< 

Z 

* 

Ul 

QC 

Z 

» 

2. 

•— • 

O 

QC 

H 

c 

C£ 

<i 

■H 

O 

►- 

l- 

UJ 

QC 

II 

2. 

*1. 

_J 

II 

Z 

or 

<. 

5" 

c 

^M 

O 

Q. 

.—  CO 

UJ 

•> 

w» 

3 

»- 

• 

CJ 

Of. 

♦  •— ' 

u 

«-» 

z 

a 

z 

O 

<l 

-»—J 

O 

U_ 

— • 

•— < 

UJ 

ou 

O 

co 

•-< 

£_> 

h- 

O 

1-.O 

t- 

w 

a 

t->ZZ 

QC 

z 

z 

^C 

LU 

< 

— K 

z 

QC 

2: 

z»~ 

0 

•—I 

UJ 

01- 

51 

Z 

CO 

CC 

< 

K 

O 

♦"•< 

K 

< 

a. 

0 

3 

•-« 

H- 

—O 

_i 

QC 

0 

<o 

<t 

0 

2: 

-"C 

CO 

21 

Z 

O 

Q. 

e? 

CO 

■«■ 

O 

e? 

CO 

C 

CL— 

-■» 

UJ 

—      .~ 

•■w 

—• 

Q 

»-» 

z 

CL  — 

*"• 

0 

••    •" * 

<l 

2: 

^H 

01 

•-< 

0<~>4- 

LL. 

ZfM 

eg 

UJ 

*-.in 

u- 

2>-« 

vU 

C— P- 

UJ 

•— » 

r- 

0 

r-oi** 

O 

•f*- 

>o 

SI 

-rr- 

0. 

»** 

r^ 

u 

r-Of*- 

U_ 

CJ 

•-«o 

•» 

t— 1 

•>  •  * 

—*   •» 

■> 

=> 

vO  •> 

2: 

^C 

■> 

UJ 

»  •  t» 

CJ 

»um 

«u 

LU 

MJCU%U 

V) 

II   ^OLU 

z 

«o 

Ul 

•MA 

UJ 

II  ULU 

NO 

2. 

vOujvO 

K 

"-•     3 

«_» 

U. 

-J<- 

h- 

i-.»~:3 

Q.W 

CO 

iri«-»_t 

0 

•-•       3 

zct— 

Z) 

■"*  _JW 

CO 

Z 

II  Z 

UJ 

• 

<_» 

z 

tl  z 

< 

«— 

HZ 

z 

CO 

• 

1- 

<l 

ro    <-« 

UJ 

0 

UJZUJ 

O 

«TUJ»-< 

LU 

LUO 

> 

r-    *-» 

II        UJ 

CO 

luzuj 

0 

— i 

*—~*~ 

h- 

<-> 

l-w,-. 

QC 

~-.,_  r— 

CJ  It  t— 

z 

CJI-t- 

—I 

^^-t- 

II 1— 

•a. 

r—— '*— 

CJ 

u_ 

«-»z 

<— < 

H-»      »"-« 

•-"Z 

U> 

l-H 

t—l 

«Sli-« 

u. 

*-*^. 

«i.     •— 

t— 1     »-< 

(X 

t— »— «— » 

u. 

LU 

CCU-tX 

UJ 

CJOCLJ 

t— >TtX 

UJ(£U 

hH 

L-^"^ 

c_>»-*oc 

LU 

otu-or- 

(_) 

Uuiu 

-£ 

t~ 

-St-HJE 

*— 

CJjEO 

ZZJC 

(-1 

a-^O 

»- 

(_)«-/<_> 

ZZJE 

H- 

^HH^ 

LU 

<l 

1— 1 

~~ 

<». 

_» 

1-4 

1- 

LJ 

i>*     r»» 

QL 

LL 

>r 

Ul 

UJ 

J 

NU            1  — 

u. 

-" 

217 


oooooooooooooooooooooooooooooooooooooooooooooooo 

cnvor^a;uko^™c<^Lr\sor^cocr>o.-4C\Kn>?-in>ui^cB^O^CMon>i"c^ 

>r  >r  »r  >r  >r  m  m  in  in  in  in  in  in  in  in  >o  >o  *u  o  <i  o  o  o  «£>  >u  r-  p~  p-  r»  r-  r-  r-  r-  r-  r-  go  co  co  co  co  oo  co  cocococt>cpu> 

2Z2Z2ZZ2ZZ22ZZZZZZZZ2ZZZ222ZZ2Z2ZZi:ZZi:ZZZZZ2Z22Z 

<<<l<<X<t^<.<l<t^<<I<.<I<^<l^<t<I<t<l<t^.<<l<l<l<I<l<l<I<*l<l<l<t<l'«<I<«<l<<l'<l<l 
M£2ZiS£Z.ZlZiSSZZS5  2.  X  2:  2: 2!  X  X  2-  2.  X  2.  2.  X  SI  2: 31 2T  21  2. 2!  2.  2.  21  2.  21  2-  2.  21  31 

a 

o  •"• 

z  * 

1-4  CO 

»-  •  "- 

Cfc  -J  Z 

<  <l  +-* 

I-  •-  *- 

CO  2.  -^ 

CJ  * 

a  z  -j 

uu  >  •  O 

2!  _J  _J  X 

CO  CL  •—  »— 

co 

<i 

X 


2. 

z 

a. 

CI 

•» 

a 

z 

X 

h- 

> 

o 

<■ 

-J 

M 

-2 

CJ 

1-4 

>— • 

a. 

•> 

i. 

r— 

LJ 

ot 

co 

.«£ 

u 

CJ 

U-; 

>~ 

>■ 

Q 

< 
z 

Z 

a. 

»— 1 

LU 

C 

2. 

a 

H- 

o 

o 

<l 

z 

co 

CO 

OJ 

z 

Z 

a 

•» 

UU 

3 

Q. 

at 

O 

2: 

o 

z 

o 

h- 

5d 

— ■ » 

o 

CO 

•> 

•-4  CM 

coco 

a 

— i 

z 

— » 

• 

LU 

»  •• 

LU 

Ol 

LU 

»-• 

<l 

21 

vQvO 

2; 

Z 

a. 

«-» 

H- 

a 

•->«-» 

Z3 

•> 

2. 

•— • 

<l 

z 

cm 

00 

1-4 

a 

t- 

CJ 

•• 

LLILU 

CM 

oo 

II 

o 

ce 

X 

1-1- 

*3. 

1-4 

•> 

_l 

<t 

1    ii    I 

CJ 

•> 

o 

-» 

a 

2l 

CLCC 

1— 

ll- 

— 

uu 

1-4 

a. 

2 

iJI 

ci 

<— ■ 

2. 

w 

t- 

•» 

O 

M 

3 

cc 

z 

z 

■— «■» 

a 

00 

a 

oo 

Y- 

o 

•— 1 

O^ 

H 

v 

co 

CC 

o 

s: 

•    • 

— » 

3 

< 

3H 

CPCJ 

2L 
LJ 
Z 
LU 

a 

TO 

r-12:    o 

—                     CI  OL  —  —      LU      — — -                     —                     —2           CO— LULU—    •      ►*-*— w -  +  3  —  LU 

^CM                      J—  Z»-»  CO       •-•      OCT*  LL.       ^CM                       CM      <I  — (D»M    •    •  CMCC:  — Q.CMCMCM.S       CM2: 

m*-               *».  •—  r-    o    r-r-  o      *r-               >o    a.  ou«ococo'oz«r*  «<jod«ou  ii  io 

— <   *                     CO  ^O              •.!-»•••,                ^»                       »»0  COi-i   «»CULL.    ►  tsOO   •"  •■  »Z      CDZ 

lt<UUI                   4C  II  CJUJ  <i       U.        O-U  CO         ••  »OUJ                    -4J        LJ          *•    »*Z2>UX    *>    tvO  vj^JiC  — uu 

»— w3     f-t    lu  1-4     z)  —    u-     **«-»  »—    »-«wo     za.w    cc  int—- »t-.i-iwc?inf\j«— »-«—    hx  h 

z            Q.  n  z            lu  o            zzo.  — o     2:2:     N«—             II  —o 

COLUH-       0       2!  O      »■*  Ul      O       LULU  O       »-MJLI»-«        II        LU                       _JLUZZLU»-i            LULUUJ       OZO 

»-4H-»-     1—     lj  •  cm— t—  h-     c^     »-►-  oc     o>*>-h-          11  r—     ^.  uu-r— -<— »—  »u  11  r-f—  h-jtujwuj 

1-4^                     (J)/'  «-«^.  •-»                     t-44-4                            1-4^1        l_)        1-1        1-4  <a»—  •— <               *-*        <*.        MMMUO.        i. 

uau     CJ          cu  «_'— 'cj  rx     cu     qlul  lu      ljccc_j      ucmcx  uj  •>ccu-u.aLu-u->o')u.ct.cz.^.u.u.cj 

c-)j£(_>     o     cju  auicj  i     »—     ^.js  t-     cjjccj     z^sijc     (->  cxcujs»-«i-«j:»-»oc.^^j:  JB2c  js»-*x. 


cj      c_>cjcjcj»  CJ      CJCJC_> 


218 


ooooooooooooooooooooocoooooooooooooooooooooocooo 

Pi>TLn^r^<»tj"vOi-<c\jo>>rLnoi^cou^o^c\jcM^^>oi^cooN 

yic/NC7>L/»c^v/>L/«ooooo©o©ao^^«^^i--i«^i-4"^»-*»-iojc\ic^ 

r-4  mm%  r-4  r->  w-t  r-l  f*  f\l  C\J  CVJ  CM  (VJ  CVJ  CVJ  CVJ  CVJ  CVJ  CVJ  CO  CVJ  (VJ  CVJ  CVJ  CVJ  CVJ  CVI  CVJ  C\J  (\J  CVj  CVJ  CVJ  (\l  CVJ  CV]  CVJ  CVJ  CVJ  CVJ  CV|  CVJ  CVJ  CM  CM  CVJ  CVJ  CVJ  C\| 
ZZZZZZ2ZZZ2Z2Z2Z?ZZZZZZ22Z2ZZZZZZZ2Z222Z2222Z2ZZ 

<r^^<t<<:<i<K<i<'«<<i<<i<<.<:<<r<<«3<<i<i<K:<i<i<i«<K<i<t^««K.<t<i<t^<*K 


a  x 


a  — 

z  z 

<  o 

<l 

*£  i 


1-4 

— » 

LJ 

<x 

<i 

O 

U. 

LD 

O 

• 
—* 

iS> 

Q 

h- 

1 

0 

LU 

O 

z 

cc 

1- 

LU 

z> 

t~t 

cx 

z 

u 

tO 

UJ 

l_l 

CO 

LU 

;> 

X 

U 

_ 

z 
i_) 

© 

^ 

IX 
LU 

CJ 

O— 

0 

LU 

■— » 

3 

Mi 

z 

LUO 

z 

— 

0 

O 

<l 

ZLU 

CD 

0 

z 

-J 

^ 

• 

U»Z 

O 

z 

»-l 

"5 

f-4 

1 

O 

tO 
UJ 

zo 
••z 

Z 

i-4 

z 

3' 

CO 

3 

O 

u_ 

Z3 

i-l    « 

I'M 

II 

«-» 

» 

X 

LU 

JC 

-J 

II  ~* 

•—• 

O 

cc 

1 

Z 

a 

<l 

r-l  It 

z 

— 

» 

r-l 

LU 

it 

so 

+ 

> 

•••-•00 

r-l 

o~ 

— 

O 

O. 

—» 

ux 

«» 

—  -eg 

•«-» 

r— 1 

a 

INI 

O. 

-5 

Z«-» 

r-l 

>- 

HH  — 

a 

OO 

w 

_i 

* 

_> 

— 

5£^» 

1 

t_J 

Wr-.(_) 

<i 

CVI<i 

O 

<a. 

«— • 

—1 

□r 

mm 

r-l 

Z 

Owl- 

LU 

>^i 

to 

1 

-J 

» 

X 

Q. 

»z 

•W 

LU 

LUCJ? 

cc 

— a 

X 

— » 

w 

C/) 

0 

Z 

— I»l  « 

ar 

3 

oc<o 

*-*■# 

a. 

X 

C? 

to 

<^ 

O 

- 

*i-z 

oai 

O 

u-zc> 

CO 

0—^. 

C7 

«a 

O 

LU 

llj 

•H 

—  + 

< 

CVJ3 

LUCC 

LU 

so 

LUOO 

O 

Z 

LU 

CX 

3 

>o 

• 

"5LUO 

1- 

•1 

zu- 

a. 

w^.-» 

Z<*   • 

«» 

j? 

i 

u_ 

O 

O 

O 

<— '    •    • 

z 

OX 

o:s 

LL. 

r-l 

z 

ozo 

w 

O 

2 

1-1— + 

LU 

OJQ^O 

CVJ<^ 

z 

OIW      • 

<— ' 

2QH 

— 

o>- 

Z 

_i 

Z-3LUO    • 

Z 

«— 

»z 

-II 

LU 

**■■*■  lu 

<. 

•. 

•r 

^* 

m 

II 

• 

<I 

••»—     • 

•to 

*ll  H  II 

<r 

crs 

CVJ 

K 

>ooz 

cy 

— <  II   II 

0 

O* 

CVJ 

CH 

H-l 

HUHOU- 

r-l 

CO 

i\j»- 

II  — 

VUf-4    *r    »    • 

cxmLomcc 

LU 

II              LU 

hmZ 

•»r-«CJw 

—    <o 

II 

—* 

• 

1— 
•— « 

z 

II 

•n  11  11 

ZUJ 
II  *—Z2 

zz 

-JTJ-3-53 

■*•-►  +z 

en 

11 

1  — 

0 

mo 

too        ~ 

CX 

r->—  ~—  •— 

Ow^4 

O* 

-.0 

U^ 

I-* 

C\4— — - 

-><:m 

fq^^nr- 

1—CJ 

rviuj 

•—•#—<_!■ — i'— 

r-4 

tMOOI- 

U>|- 

I'l 

LU 

1M-3-7— )— ■(— 

f'ZZZ^- 

UJ 

a. 

ex 

t_> 

■^j.** 

l/> 

<i<*.^: 

«* 

11  ll 

II  CX 

II 

u. 

'«*•-'■ 

—     ^ 

•^»^*^»^ 

<i 

LJJC 

tju_ 

UVUUiUL 

LU 

L_liZt_i 

uul_J 

L_> 

u_ 

_> 

UVIJJU-U 

L_lto_J_JLJ 

U_l 

(JU 

us 

(-jcyexcx.*— 

CJ 

LJL-ILJLJ 

cxv^^-ivi 

LJ-J-* 

ex. 

UXXXmO 

UAXAU 

Lt 

219 


ooooooooooooooooooooooooooooooooooooooooooocoooo 

«^cMc*i>rtf^gvr^uJcr©i^cMPi>ru>gjr^c»L^orHCMcn>ringji^coo^ 

>r«r^r»T>T>4"  c<f<tuwuMfliAUMn  inirMngjgjgj  gjgjgjgjgjg)  >or*-M^r-  r-r-r-r—  p-r- cocucu  ujcuooujcocu 

cm  cm  cm  cm  c\j  <\j  cm  cm  cm  c\j  cm  cm  cm  cm  cm  cm  cm  cm  cm  c\i  cm  cm  eg  eg  cm  <\J  cm  (\j  cm  cm  (\j  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  c\j  cm  cm  cm  cm  cm 

ZZ22ZZZZi:22ZZ2ZZZZZZZZZZZZZ2ZZ22Z2ZZZ2Z2ZZZ2ZZ22 

<t  <  <l  <I  <l<  <I  <.  <X<  <t<l  <l<  «l  <l  <L<.  <l  <.  <<.<!<  <t  <l<t  <l  «1<1<1  <t  <X  <  <I<  «.<1<1<K  <I<  <<  <t 

xz:z.2:s:a£.2:x:2.z:2:2.z.2.2.2:2:2:2:i.Z3.2.z.z:2.2.xs:2-s.2:z:2:i.2.aL3:2:3ELZi.5:z2:5.a.x 


o 

—  z  z  • 

a.  >  »-<  cr 

OJ  LJ  CO  I— 

a.  O.  ►-  <. 

LU  2  OC 

»•*  a  uu  uj 

•»  Ol  f*  2. 

^  rsj  O  ^ 

*»♦  H-»  H*  iJ 


•> 

1- 

Uj 

a 

CM       CU 

-J 

U» 

CJ 

t- 

1-      K- 

X 

a 

<_> 

<t 

CX       C3C 

•> 

to 

CX      CX 

r> 

UJ 

ex 

z 

Ul      UJ 

X 

x 

o 

UJ 

•— «      t— « 

•> 
a. 

*H 
•> 
CO 
X 

ex 
< 

> 
ex 

< 

cc 

UJ 

2. 

Z 

ex 

a 

u. 
2. 
I_J 

a 

UJ 

s 

cm     aj 
»-    1- 

LJ       L_' 
Ul      (-> 

CX       CX 

z    z 

u.     u. 

H- 

> 

CX 

H- 

— . 

»— 1 

<->    o 

CD 

Z 

z 

<1 

< 

•-« 

H 

►go  ► 

H- 

•• 

*a. 

CO 

Z 

a. 

H(»1M 

cx 

• 

CX 

~*X 

ex. 

Z 

•> 

c 

1-         1- 

CC 

UJ 

a. 

tl  CD 

u; 

UJ 

i-« 

r» 

txocx 

UJ 

z 

z 

Ma 

t- 

a. 

II 

m 

UJ 

•+-  •" 

»-^ 

t— . 

m 

•LU 

«. 

2: 

»-^ 

X 

CX       CX 

•» 

I— 

J> 

—  1. 1 

(X 

o 

* 

o 

H- 

H-OI- 

OJ 

>- 

Z> 

•a. 

i— i    » 

UJ 

o 

— 

^ 

»- 

CXC2CX 

t- 

l/> 

Q 

Z 

~Z 

2: 

»— i 

pH 

LU 

»       •> 

u 

<t       o 

CX 

m 

tr»i-t 

3 

o  • 

«^ 

z 

a 

o 

^-t—  ,  4 

c_» 

H-           O 

> 

XI 

Z 

LU2. 

o 

"—• 

o 

ZOZ 

(X 

z         «-• 

z 

Z 

w> 

rslcX 

— 

o 

CO 

■>  «  » 

z 

c: 

— > 

ex 

•-•O 

>v 

— » 

t- 

noa 

1—  -~^»  »-l^».»» 

i— i 

«^. 

—»^.».»^»—  — 

o 

t-t— » 

•»» 

2.U- 

«-• 

1-4'^ 

o 

o 

UUJU*»' 

"^"^ 

CMlOCMCMgjCM 

H 

XCMP-OCOCMCM 

h- 

Z»-« 

LP 

kMJ 

c 

ilt-» 

• 

o 

«^    •'-(MfilO 

gjccgjvOCogj 

CM 

«X 

_i%o«Jur-aDsO'«u 

<.  • 

«M« 

CO 

l-Ul 

r- 

»^— 

c? 

ex 

cm     gjgau* 

Z 

tsl 

a.  ■> 

*••>»»•• 

coco 

-*co 

•» 

Q.LU 

•> 

-«<_> 

UJ 

ai-2.  ► 

•>  •> 

^MJ^U^^O^U 

+ 

i—i 

^.vOsUsU-U^OSJ 

«£i- 

II   X.UL1 

gj 

<_>•>• 

gj 

II         UJ 

• 

LU 

u>cxcugjgygj 

>"-"-*«-^"^0-» 

2. 

o«-. 

■^ww>»»w 

I'JZ 

t-H           3 

•— 

•— • 

«.• 

•—  II  3 

z 

X 

ulolcx— ■ 

—  ^ 

zo 

1-4 

CD 

O-LU 

II  z 

UJ_I 

Z 

o 

h- 

U.UJCX 

iuujujujujuj  i! 

1 

»- 

aii 

JJ  LULU  LULU 

s:»-» 

<r    ~ 

LU 

x< 

UJ 

m-»»-» 

z 

i-.       UJUJUJ 

*-t-»-»-»-l- 

II  II 

a. 

■m.  ul  ul  a.  ul  ul  a. 

LJ<_> 

pi-— i- 

1— 

»— «. 

UL 

UJI_ 

l- 

uuu 

•** 

UJ 

l~ 
— i 

«4.U-<ICXCXUL 

U.Lt.Li.U.a.CC-V.^'U. 

or. 

cx 

u_ 

Jt  .s  jc  ^  jr  .*  -s:  z  ++ 

-j 

<~ '-£  S.  -i  _£  -fc  -S 

LJU- 

LJLvO 

JE 

t-il 

-£ 

uuu 

►-« 

O. 

CJJ»-«w'_6^^ 

_ t 

<iu» 

•"•   1 

X 

«a 

L_>L_I 

>r 

Ct  *- 

in 

l-J 

220 


oooooooqooocqqoooooooooooooooooooooooooooooooooo 
ou,u,o,y,o(iru,iru,u,oooooooooo<-'HHHHHHHHH(\i(NN(\)c\)(\i(M(M(\j(\jn>oic)(Tic)rn(T) 
(MtNifM<>jc\ic\jf>icsiCMc>jCMcnrncn<tvtnr<i<^OTW 

ZZZZZZZZ2ZZ22ZZZ222/ZZZZZ2Z^222:ZZZ22ZZ22:ZZ2Z2ZZZ 

zzzrzxzzzz2-za.xzzzzzz:zxzzs-zz2:z2.xzz2zxzzzzzzzzzzxzz 


Z  (X 

o  u 

Z  u-  • 

>-  oc 

_J  o  o  • 

CJ  UJ  h-  <*. 

•  Q.  f»«J  <.  U 

OL  M  Z  H- 

O  Q  -J  •-«  ■* 

K  UJ  "C  Z  2 

•«  m  z  a  »-• 

a:  i-«  or  z  z 

lu  at  u  uj  (-) 

2.  h-  z  0  z 

_>  »-  •  ^ 

2  a.  z  0£  —     —                               O 

cj  IP  o  rn     «-> 

a.  »-  h-     »-  oc 

o  lu  z  *t  cc     cc                         a 

i_  x  *■*  <s>  cc     cc                         t— 

<  1-  Z  UJ      UJ  < 

(/j  CO  Mi  *-*      *-t  LO 

z  x  »-  -                            a.  -      *                         z 

u.'  e-  z  z  ni    uj                         uj 

u.  »-»  uj  uj  1—    »-                         u- 

X  3t  »-•  UJ  UJ      U                                    3l 

CJ  «-;  UJ      UJ  CI 

(_>  >  ~  Q  QT       QL                                    UJ 

0  u.  UJ  z     z 

tj  <x  u_  isl  •»      *                            o 

UJ  iX.  UJ  «— <  U_        U_                                             UJ 

rsj                  •  <t  O  ZOO  i^J 

-_             —  O—  1-4  O      O  O                        h-,— . 

•ZL          *-t  CC  CM  »-  -O  •*          H-                   2T          «-• 

M        «—  u  ct  z                          o-  *-*>r»-«        a:               »-♦        — 

u-           »-»  I-  O"  O  »-      t—           CC                    \-           *-+ 

a.         K  <x  1—  — •                    — *  cccjcc         lu                a.        1— 

O          er  z  <Ill  <f     IU  H-»         m                  CD          cc 

•  t-i  z  •-•                          x  oc     ct          »                           * 

uj        —  2:  hh  *                   ot-  t-ot-        o                uj         — 

X           •-•  O  Z  —           — •          H-  IXUK           t-                    X           •-< 

i__  z  0  •-•       cm             u.  •     »       a             1—       — 

a  uj  z  —.         Z        O     O  cm—cm        o                           or 

u_        »-  o  —               ujO^O  ZOZ  a:               u_        *- 

Oo:  •-•  o—O  i/>  •>  •  »       Z               Oct 

Z  a  +  v.         —     h-  OOO                                      a 

— —      CO      CJ—  —      O  CMf-1           — •      O  —      CM—          O      O  UUJO'-"—'*'"'"      UO      UJ— 

cncM«-<      t—      ZCM  CM      \-  ZZ           CO      UJ  O      2h             •      O  *—    •wcMm«TrOCMin      H-      ^:cm 

>jj»out»     o      *ur>  o     <i  •  •—»        cj>     fNj  r-      •»«-»        00c  ro     so>ou*>4j<ou*     uj      ••u* 

►  »  »      u      -*   -  ••     COCO  -ICO             ••     »-*  •*     -<CJ           UJ  OKZ    »»•»»•■•.     O      t-*»» 

■u^vy     a.      11  vuuj  sj     ^t—  11  xiu     «*j     x  O      »      uj       •     lu  vj  cr.  oj  >u  ^o  su  Mj  vu -4j     a.      11  ><juj 

www                  I— w3  w       UJZ  l-l       3       «—      »-.  w       t-i  ||  _J       CJ       X  OC(XtX«-^w^,^.w^                  •-— 'O 

LU                 Z  O-UJ  HZ                 I-  Z      O       H-  U-UJO.                                       LU                 z 

UJUJLU       X       r-LU»-»  UJ       Z>-«  00       «-"•       UJ       Q.  UJ       C^— •—       Z  ***       UJUJUJUJUJUJ       X       HUJM 

t-t~-t-     »-     »'ih-f>-  r-     ujuj  ci— 1-     t-     o  »~     ci»-«i-     —     lu  _i»- 

—.►-,►_.                *~*^.  «-^    uj»-<  »-<^:     ►-•  »-i        —"^            •—  —^ 

U-U.CC.       UJ       LJCC.LJ  C!t             U-  u1- U       Ct       UJ  CC       UJCJLJ       U_       _J  «4. u. «-l  a.  U- ac  IX  UL IX       UJ       LJO-UJ 

JI-i_£       I—       UIJCUJ  JK       l_)U_  l_JCJV^        JC       I—  -S.       l_)lw)UJ       »-4       U.  UMU3JI  jSjCJCX       h-       L-ljCUJ 

H-«  <ILU  *-  Z  1-4 

H/QLI—  LJLJUJCC  U*LJ  O       Ct  »1 

»*l       jC                    »'l  —JLJ  HI                    J6  HI                   ^->  *T        JS                    *3" 

UJOUJ                 UJ       UJUJUJUJ  UJ       UJUJUJ       UJ  UJ      UlUU  UJUJUJ 


221 


coooqoooooooooooooooooooooooooooooooooooooooooco 

rnrim^<"^>f  ^^>f  ^^^Lr\Lnu^LnLnLnLr\^LnLnvu*)>o>c>uvO*o*o^u>or^^ 

(^rnrnrnroc*ic^<^rn<*iromnimrornmrri(x>rnp><vionairn^ 

^zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz^zzzzzzz^zzzzzz 

«««l<<««l«l<l««<<t«<^«<«<l<««l<<«««l<<<<« 


UJCt  Q. 

xu  — 

t-»-  — >* 

<l  IV  — 

t-m  •*  — 

<z  #</i 

111  <XJE  — - * 

LULL.  ,2>>.  cmcm 

coa.  uj—  *•* 

ZO  o*  ** 

CO  <-*'-'  ♦->•— 

a.  +cy  zz 

COO  —  (VJLU  LULU 

•                                              LULU  —<—  *  CC  CJCJ 

.—                                            »»h  _>uu  •-«.*  ■*  *                                >ur— 

<x                                   ^2.  zo  ^:*  <v<\>                    p*u->>t>t 

O                                                 <_)»-•  <-*<J  tUK-i  ■»«•*                             T^T 

z»—  *  »  LJU.  *  •*                                   ULJ 

a:           m                  ujq.  ottr  a*-  qcqc                  cohi- 

C           •-                  =30  z:z  —z  s'Z                  i-t- 

K                C£                         C3T  ZDUJ  K-*H  LULU           Q                    CC 

<t                aC                         LULU  ZOOM  oi</)  QCJ           13           OOOC3 

UO               UJ                         OCX  <JVJ*T  O^"  C3t-0           z           oo 

2:            •-•                   u_j—  ►  »  •»  lo— »  w w        ty               -»-* 

tu              •■  -»*^tv  >vto  >»>s         z         — — -i-«i-»r-         i^- 

q_                    o,                                Q.O  ^it>X  — CU  — •—              «1              ■H«-H   |      |    >T              vT 

2;                »—                          UiZ  -"— '   •  tM«B  ,~1*-*            +              •    •    •    • 

o           o— —           oh  aarm  #  #  zz        o       uoooo        o 

O                 O^OsI                 _JLO  LULU^r  *  —  LULU               •            LULULULU*—            h- 

Q.'Z.-Z                   3  O.OC  ac^.  OO.          O            •  •  •   • 

Q               Z    »  ►               Z  LULL  —  2:^-  CJO           vO           J333U           O 

LU                 »OQ                LUQ  33—  3CJ3  #•  *  —      CO           ZZZZ<S>           O 

m           cm  »  ►           Q.iu  *•  ••(nj  z<  Maa:     11         _j_j_i_j                            O 

m           H-cosf           Of«  00*  c^z  rrr     a    r-uiujLULu— »-•    —  •-«             • 

s:           ctzz              ll.  •  •*  +&  z>z3^<x>z3    «rauoaoi    ox           o 

n-«           rx  ••  ••           s:>-«  oocl  cvi  11  zzzr~z        t-t«-n-4i-<  •a.      »a.           no 

h-           lu<cp           luo  »  »>z  *  —  o<-*<-#ir\u?    o  •  •  •  «o  1     oih        m 

q_               _   ~  ..               f-LU  2QLU  *  *:  +■   I     ►CT'Z      I-UOCJOCOO      00OI           * 

O              *r-oo            loo.  cocoa  tx—  cxa«—csj<i         ZZZZ^  •     «-*  »Q-         •-• 

—      C\JZZ                >CO  ZZU  2.C3  ~Z.-Z~2-    •      »-iLJ<l<t<K    »0        «0_J«3      X 

LU      C\JO»—    »  •                Vi  •«  ••♦  3<l  LULU^3l^""XO    •    •    •    »l— O      H->t>UJ    •      Q. 

x    zzazo              co  zon  zs  uqzi^oq.    oooo-im    _jmao    •- 

}_       '— *-«CJCOCO                 U1LU    •  C0L0*O  C?tJ  CJCJCJ-M-     •!-•••••+          «l+vO       + 

Q<a:<<            H-»-HCO  o<<^cvi  >—  ##-aooooooo-Q     — Q^m     o 

LU      StPZlLU.                <OLU  LUU.U_i-*-fOO  h—  <Xi-«<\J3    «3   •   •    •   •    ««-0      hDIs      3 

K      —           OO                3Z3  SlOOZUJCMCvl  CC^4  21S:ZZI-ZC*UJ»-LUh-XZ      IZU5C      Z 

—     1-1      .-»— — OO                _JUJ_J  UOUli!   •++  O   •  3ID<lO_lOUJe)_iC)_|Q.O      Q.OHIOO 

(VI      £X      Z>Of^— >— •               <H3-a  ^.~-«-CJ— *LULU  t/)<-*  ZZK-Z   «Z    •   •    •   •    «_JZ      JZXUJZ 

>0      3      *«•  O^-tT*           »-*«-«      >C3^  •          CJ        •   •  lu  CJC?<<lO^:3«-'«-<*-«»~«tU<      LU<tU-«-i2< 

»              o  ►  ►>->  I    I       LUUJ  -*_J_J—  II  ~*-<  II    •  «"^          3      ZXIXXU          CJ          10 

mj     u         >o»ua.Q.r-oo         a-H-  n«a<ih-             >r     x—          11  iii:il-Jaaaa«-iif*«-ii  iiu-zu 

w     z      n^wxszz     cju-z  it>>a:— 11  n  -a-— lj—  ii  »         o     lu_i_j_j_h.':     <n/)            «i 

^                        Q.U.                  Z       LU  Q.Q.C/i£  ^INILO             a.  Q  Z  •-<  Q  LULU  LULU  CO  1-4       COl-l5£  II        Q 

LU               OLULU            II   It       <tLU»-t  CM          cOw— o«-h-«-5—  33<IhQQQQ<IID<II       113 

j-     lu     zH-f— J—»                 »— o  uijjwy^itf-o-'vxxic^-aw"— "-<- -ai-wauw     ^ 

ex.     j     «*lx.u.<i«».v>v/>      _;u.u_  u«i<4LLi.a.MUi.LLXLj->-.i:^u.uju."-u-u.u.u.iiiuu.ujxax^ 

^       Q.       LVJC^LJVJZZ              LJU.  UuUM(JUUOUH-U(J<l<H-'UMWHMI-MCJLVHUaMa«t 

2>.                                                        H-LOLU  ^H 

i     <_>«_>«->  uuuuu 


222 


oooooooooooooooooooooooooooocoooooooooocoooooooo 

(DCocucoa>cru^o^u>u^u>CT>u>o>u,wO©OOQOOOO«^»^^^^^^H'^^^nj^ 

2ZZ2ZZZ22ZZZZZZZ22ZZZZZZ2ZZZZZ^ZZZZ22Z22ZZZZ2Z22 

<<<.<<i  <i<i<i<<i<<t<<i<i<<.<i<i<<i<<i<T:<i<.«^<i<i<J<i<t'<<i<J.«<i<i<i<<i<i<.<i"«<i'<i<i 
is.xs.szxii2.xi.5:xx2:2.2S2.zriZ2.2:xa.i.2:iz^2.zz:zi.XiSi.2:i.Z2:zi 


U*>w 

oou-»ru> 

U\>T 

ou 

OOhl- 

t-f- 

o 

oc 

LU 

oooo 

a 

oo 

o 

—  ■  ■» 

-c 

— —  HH0 

O 

«x 

»-«-«  I     |  in 

in 

# 

tx 

■a 

vi 

i-< 

5. 

3 

«/>  • 

a 

»~« 

UJO 

•— » 

i 

QUI 

o 

CO 

t— i 

-^ 

1— 

UU- 

<j> 

in 

Z»- 

a 

0^ 

<i(J 

_j 

<N| 

LU 

<i 

• 

-JO. 

* 

r- 

<tU) 

o 

m 

3 

• 

* 

H-> 

o 

— ■ 

0_J 

CM 

</* 

<l_J 

«-» 

-* 

«l 

1 

^ 

UJ2 

— 

»» 

IH 

— ■ 

^ 

h-O 

— » 

«-• 

1—1 

i^ 

CJ 

ZCC 

—  . 

UJ 

LU(_J 

o: 

a: 

UJ 

<• 

u_ 

ZSVO 

2: 

o       ooooo        o 

•  UIUJUJUJI—  I— 

o  •  •  •  • 

-O  LULUUJUJO  O  •"*       ** 

«■»     fO  QOCOO  O  ^-4  1^1 

QC       II            _J_J_J_I                                       O"  II    II   H                     U-  3V0  21  a 

Z      O       OUJUJLUUU— -l—      — •-*                    «ZDOUJUJ                       3  »— UJ  Ol/) 

ujcouj    mc_»t-i(_j(_)o«/?    ovi           ozzcouK        #  "J3  »—x 

ur^o        e— n — ••— it— •  »a.       «cl            vO— i_i_j_iuiujr-i    *-.  cq_j  oa        — » 

cjino     o  •  •  •  •©  I      oih        rotuujujujoom     a-  <i  <-io        x. 

►CTZ      hOQUOOOO      0DOV)           *QDUQOO           *w  UJ  >  OQ           <T 

•"•CM^          ZZ22H   •      -h    «a           mmmh.ihZ^O       I  O  O  I            2: 

Z  •     i—C!<r<i'<a.<i  •©       «0— iO     «/)                 <x<i.t~     —  Z>  -J— '         -sin 

wr— <-»v>o  •  •  •  »t— no     i—  --ouj  •     a.————  I    I          x.  ujo  «a.^          »m 

Qinoa.    oooo-im     jmoo    «-ioooooctcco—  az  *—        z* 

<3#    •  I  — >•••••  +         •  I   +>0       >    •    •   •   0303Q  UJUJ  OQ           «-TO 

-ofOQOOOOOO     —Qiiro     CCOOOZZ     >*</>  ULO        »co          Sin 

(NJUJ  «UJ  •  •  •   •  •»-«UJ     Mails     UJ  •  •  •  »oo- »*-»X  U-O  o^c          3  "■ 

ZOK-OQUJt-UJI-ooa      W)OU5£      Q  UJI-  UJ  hZZ  — I  X.O.  —IV  C\JO-          —in 

<o_ lOiuo-JOjau     aoHiouoj(jj«  •-— o  cjot  — 'Cj           in 

(—  <£     *<£.    •    •    •    •    tJZ        _JZV/70UJZ    •    •    •    •              LUO  UL                                <l              UJ          »                   UJ          •» 

^<Q^UJ»-"-««-««-<UJ<         UJ<U.MQ^M«-"MM   ||     II  ZUJ  ||  UJ  ||     ||                  _J-*        CT         f-4||                     •         —t   It 

UJ       Ot/)«/)COt/>U             o             VOW       XXlOV)                •Qt  JLUJ                              Dill       OH                    UJ        II 

it  II  o  ii  — JQ.a-u.u-"-'  ii  ow  li  II  u-* £  ii  U.U.OLU.—— ».l.u-.—  »— »-  —•-mu     a_u     «/}     «.— •  tu     t_i     «x-^ 

o    »«j-j_j-j_ioo    into           <i     jjj-ixjtos^:  iu  :*:*::d    *-»o    ~     JT<u    a     s:< 

craz«-tQUJUJUJUJmi-4     cn>~.x.  n      cjujujujuj'— —ini     -•  ujqc  ww»z     iooo     i_s        2-z     oq         z 

UJUJ<tOi-<aaOQ<lWO<lWl       II  (UQOQQuiiM  ||  Q  j—  o  ^-«(\j»-«           z                «t— ■•-♦      Z      -O'-' 

uuwa.wvwwwai.Ma.UH     uwwww(/)wiw     vj  <«.«/>  u_u_h-     — •—     uj     u»tjif—     ••     «>o 

I0U         _J                                             _J                _l»—  V.->— >U                               J_-^         1/1  J.  _i»-l  LL.  U.^1         _J                OL                LU^l                               "J. 

^<CLLUJU."-U.U.U.U.UJUU.UJV)liWl^.wtU.U.U.l.l.ClU.J.Il.  _J(_)  •-'•-•l.J         <«.U-        -»         l_JU.l_J         U_         LJi- 

<i<j»-iut"M>-<>-i>-ih-uut-aai->a<i>-i*-i>-<MUvjt-t-nj  o  ut_><~>     <«ji— •     a.     uu-u     •— •     i_j*< 

_JLU  UJ 

ujy->0  vx  f     im                  cr.p>»ru\ 

<r          «r     ut  v— <»—  ui     u\                  u.     u\     u^     ui 


•d 

o 

o 

,— , 

o 

0m, 

*— 

—i 

<1 

t- 

• 

5: 

z 

— » 

o 

— » 

H-1 

0m 

UJ 

o 

o 

<. 

e 

<o 

Q. 

2: 

_J 

21 

w 

O 

O 

>- 

c? 

X 

w 

<_■ 

UJ 

o 

o 

z 

a: 

*-* 

— ^ 

UJ 

u. 

«c 

o 

3 

3 

• 

o 

O 

«w 

o 

_J 

UJ 

o 

z 

<l 

a: 

o-^ 

< 

o* 

u_ 

UJO 

• 

LLIO 

SO 

rH 

s:  • 

UJ 

CO 

• 

DO 

h- 

z«r 

o 

ZCVJ 

223 


oooooooooooooooooooooooooooooooooooooooooooooooo 

(^%ru^xor-ajc^«^t^cMm^u^vui*-coo^o^tMm>rLnvor*-cou^Q«-^ 

o>nicn  <rio»rno>  >r  >r  *r>r>rNr<r^*r»r  to  lo  to  Lnir\LOLnLnLnLtt>o^ 

»r  >r  *r  vr  *r  vr  <r  >r  *r  -i-  >r  -4-  «r  <r  <f  *r  <r  <r  >r  >*•  >r  •$-  -j-  -j-  «j-  <<t-  >r  *r  «r  >r  «*■  *r  <r  -4-  >r  -r  ^-  nt  <t  ^r  >r  >r  -r  «r  -r  >r  >r  >r 

ZZZ2ZZ2ZZ22Z22ZZ2i:ZZZZi:2ZZ2ZZZZZZZ2Z2ZZ2Zi:2Z^ZZZ 

<««i<t<i<i<<r<:^<i^<i<i<<i<j.<i<i<i<t<.*i<i<i<i<i<i<i<<i<i<i<i<i-<i<|<<i<<i<i<i<i<i'<<i<. 
2.22.2.2.224-2:2.2.2.2:2  '2: at zzixs. 2.2 2.2.2. 2: 2. 2:2.2:2. 22.2. 2.2: 2. zsziiiiii 2 2: 

-i  -     »-  »    - 

•-4  —»           O      O  -           X      to 

*—  •  >0            LU    -CJ         •»           -              CM      J— 

c_>  <i  •        i—  ^cr     x         to          •»    o     — 

tO  _>  fO            — J    »-^       CM            t—            >s      C_3       O 

X  Q  —*            ->m               »            O              -      CC          • 

u.  lu  lu         to   •-      -v         0         -               m 

<j  u.         ujto  »      •-  ex         cc.     u.     ~* 

e_>  t_>  •-«          CXH->s     -                        o     O     UJ 

..  .-.  •»o*aor.        »—     i—ol 

—  »~  -  zo»      O        O        «i     <■     -* 

ad  V)  OQt   •      I-           h-           Z      2 

-3»-i  11  t—s:<<i       •■*»-•• 

t-*  a.  t-_itu     01         tx         2.     2. 

"-»  LU  *C             t_)<l_J       LU             LU             l_J       C_3        II 

CJ  I—  1-4            LU»-«aj       2             2.            ^       Z 

CO  O  <«.            t02.LJ       3            -J            LU      LU       Z 

x  <a  e:            acx     z         z         c_i     o     1-4 

ex  oc  HZQ.                     —                 ~— I 

c_*  <l  Z         =)>         z         z-      ^     z-  o 

•»  X  U       — 0-_)C2       l_)             LJ»—       U       OI~ 

—  O  1-4  mzt.2  •-•  t-tfX  •-•  »-4CX2 
at  1—  wMaM  1—  1— <a  t~  1—  «ilj 
-»  Z.  *■•  O  •  >  cj— •  oca,  u— uaM 
•-1  O  <*»                                                    ^.      •  tuu — 1     ^>*.     *£          ^ei^Z     K 

«—  Z  -3           1UU       -3    ••      3>-      3    ►3>-t_) 

CD  Z  *                                                                 X        III—       to       X-        XCX       X-  LLCXZ 

<  OO  ZUJ  to            <3             tO       <Z> 

2:  •-*  to                                            ex     ^zoa     ex"        txz     ex     oczx 

O  CX  <■                                                                  LU       t—t——>            XX       UJH       LUU-LUh-i 

<  X  LL  X       CX       H->       LL(_J       XCD       U-OU-OCX 

••  I—  cj                                                to     cxo<icx     to         to«i     '-n     to<ax 

— •  •-*  u                                          ^:     aiu^h-     ^.vj    ^.2.— ■<ci/fje«6»u. 

*—                                      ac  ex  ••                              — »            <i     «-icx>-«         <*.cx     <n-i>o<icx<i»-<to 

«—                  •                             -3UP-  srex-  X2.CJ      CtUi      ex-     »cxxcx-  2: 

<  t_J      — ■                    hh  Z  <!»—•■     CXh-      »— 3:      t-   ►OlhSH-   «"<l 
X                LU      _J                    w  X  »                                       C\J                         XOU.I                c           x^      o      XCX 

WH4C?               Oh-z—  -«o     01-1-0    aa     qcdujqxqcdi- 

O                    LU        X                          <l  Z3  tO       */)       — —                      ••                   LU        ^*       UULU  — LU              LU    *UU       LU    •» 

«i              i-h     o                  2;  O  <      >-     -^rvl              «       —     l—       "JOJfOKCS     K-  '-•h-Ol— -  CX 

2:           o«-«               <r  ex  x    to    00                  —    <f     m_i    _jm<z-<»-  »<z<i-o 

o           tu    2                •  q^,ki-»»-4^-«  1      .      to    hho<t  •<o«-"-»tocxxt/)«-«tocxi— 

— »            tx      ••               -*—  o  uac  »-ad  ••  ••             1      *     z      ►oau-  zlj>o^:<ozc_)2:<«i 

O            to     H-                i£a£  z  »^r.atcXNOvO              I      o    lu     •      O        xz  •xo.  »xztuxto 

^4                   to                -3-3  »-•  ac^txs-"—                    Z     x        h-»-to  11  cxxrnx     «oaiua     z 

CD                tO      C7                     ►—•-•  tO  cX»-«3»-»                          X      «-*      2:        «t/)U<i       2!0^2:_J    iZUSlJUJ 

O            x     >•                "^"-'  3  -5  ■>•■"•  *tutu            — 1— z     o         cx<i-*^.«-Jtotuo<ir<)atoo<iQ. 

_j             to.     2                 cjrvi  »-»at  ••atr— h-  1— —  ex     o     «-*mil     f-u<auuJHu<iuuji 

<  «i      •.               lull.  ac  -<x^£x*-i-.            «-i-  <     z     H-xto2.cxz     Hzaiuz     zexe 

*                CXX               OCXX  O  ai3QC3cXcX                HI3      J      O      t-iCDCX3Z    ""Z)-  Q.DZD-  O 

O              O      Q               XXi-i  X  CXX3X33               -  •  ■»•       -       OXJ— QTUJ-  MX-     ««^-  »-••     •>» 

•                     O             S2Q  X  20X0                       -~-  —  ••     QCKan  »     m  »x  ••  •<       «»x  ► 

O           z    cd           u      •.  u  luou—           xc\i«-ox^z»-to    -  xto-»xmxxtoxtox 

CM               tJ      Z                Z—  — -  O^-O—'.-iO           -~>Or^C0   «%OCM-  -  ZX   -vOt-LOvO   ••CPvOI— <5   «*»o 

— — »- *      •oad  >o«>^      ••        «$-•••>  «o  »*-•  ••  ozx  »>z  ■»•—•>  »-z  •••    ► 

11             to        cotr»     -so-)  1—  >- 1—     h- tJC?        «a-  -  •  »^»    ••-  -      mo-  tu-  -  ••-  •  x-  ••- 

t-       XtT>tf»        II  f^l-f  »-i  CXJLCXLUUJ             CMi-l             OIQiHOOZI-HOHOOUlOOHOUJO 

•-               J      Q.    f.      it  »—  _j  o>t—  >   •   •          .-«-  -  «  CO-  <t-  -  <J   ►-  l_>-  -  CX-  -  o-  cx- 

qUJ          _;      -«a.su^U      -3«4J»-*UJ  *-*  u^.Jti/)i/i          «*«-.w—— ^w««>^      (joi— ih-»w^«-wmw<i>*' 

2.-^        t/>     cxw—»    h-i«-»u._;  co  <i»-«  c_i»-»>->                                          zcx'-'     u-        -          x     - 

^Z            LU       O                            XZ  <t  tXtXcxU-tOtO            »— I— H-^-h-H-»— t— H-»-'CD    ►»— U-|— t-    •+-♦—  LUh-    •+- 

O*-1         ex         xx     couiMM  k  m»h         <i «a. < <a. <■  «y. <i <i<      15-  <iuj«x«UJ<X< 

«ir-                 _ji—  1—     u^H-tJr-  to  _i_i_j_i«— «-»u.     x2.x2.x3lX2x*v)     2.o*-2-oia.*.L_>stoiaL 

3L^C              I—        _i»-»»— 1              1-1    -^  _l-J-J_J              l_J       CXLLLXLtLX.CXU.CXCX    ••        II  ULV_»CtCX    *>CXCXU>CX    »tt 

ULJ              — ^       «*CXLt       LJIX— CJ  2.  «*«4.«4.<0.LL.LI_r—        UUDLJULIUCJO^"          LJ  -   t_»0'*»L_»0*   U"*»t-> 

«.<_)              X       V^JC3C       U5XU  LU  Ot_J(_;V_/»-4i-««/J        U.LULL.LL.LL.LL.U.LL.LU    -       <1  U_        LULL.        LULL.        LU    ~U- 

i—                         1-4  t—  ,-«i\im    •-«        "4        «-^    »4 

>o          — . »     r-                           uu  t/#  vj'     0,-,*xi«,i>''u\vur-uu              u»      tw^     »moi      nj-      ui 

w\          lj     u»                           u»  >•  u\     vu«u»onu>vsL)>umjvo              ^u      r— r»     r*r-     1—     r- 

V) 


224 


OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQO 

coooooojoooooowooo^y^u^o^c^^^^y^o^oooooooooOH^r^i^iH^Hi^^iHOjtviojrvirvicvjrvjrjjvi 
>r^>r^>r^>r^<r»T»r<r>T>r^^<r»r*rmmmmmmmir\mmmmmmmmmmmmmmmmuA^ 

ZZZZZZZZZ22i:ZZ2ZZ2ZZZZ2Z2ZZZZZZ2ZZZ22ZZ^ZZZZZZ2Z 


<i«t<.^<<t<i<i<<i<i«<i<i'<i<i<J<<i<<i<i<:'<<.<t<<i<.<t<i<i<i<i'«<t<i',:i<r<c«<i<r<i<<i<i<r 

i2:nx£Z.sxi5:a.2.5£iiiz:i.2:zzzz:rrxs£Z2:z£2:rx?s:zz:25:2;a  ssz 

m 

3_J^ 

•-<_i  - 

— 

«-» 

UJ 

• 

>»    i- 

— 

o     ^ 

o 

— 

B, 

— 

2*_l    •» 

2<r- 

"S. 

v. 

J_ 

a: 

•>    o 

DC 

1-      •• 

K        •■ 

— 

>S 

V 

•~.<l- 

1       z 

"V 

•■ 

1- 

O 

-     o 

O 

<l     -       ► 

<l     - 

_~ 

* 

to 

z    z 

ZLUO 

" 

-»Cvl 

»- 

tx     ex 

H- 

z     oc     ^ 

z 

(— 1        II 

II 

m      CO 

CM 

a 

aLcui-i 

Z       1— 

• 

Jtl 

",. 

IX 

1- 

(X 

X      h>  ••• 

ac 

o» 

X      I- 

V. 

o 

t~ 

-JO 

a. 

mx 

>s 

UJ 

<l  ^« 

U-l 

a    <i"v  • 

LJ      Z 

1— 

cm     cj 

« 

a. 

LU_JC 

LU_IZ 

CJ 

»-»rsj 

*v 

2. 

CO>v   •• 

2. 

Z       V)    »2. 

^     •-" 

o 

*v      CJ 

• 

X_J.*C 

iMj 

o 

••  •• 

» 

ZD 

z  »-^ 

3 

UJ       Z-  U-' 

uj     «a. 

CJ 

-    a. 

u. 

QC 

t-*-*ZJ 

»-jtu_ 

-j 

*  - 

>u 

Z 

UJ-      •> 

Z 

U      Ui    u 

CJ       e; 

ac 

m 

O 

a 

3:u- 

UJ 

• 

a.     - 

a-zca 

•~ 

z 

QC      CC 

H- 

»- 

LL. 

U-COOC 

UJ      — 

II  Ol 

m 

Z 

z  •  • 

z 

Z      2IOCJ 

z-  z 

— 

o    o 

<t 

<i 

OtOOC 

QOUJ 

X      - 

> 

t-l 

o 

OZi 

o— 

L>      C»-«QC 

ai-o 

— 

<£ 

z 

L_LU 

ecu. 

r-     — 

CXI- 

UJ 

l-< 

uuai 

t— 1— 

»-•      ut-a 

»-HQC>-» 

— 

t— 

»-« 

VJCXU. 

to  tut/; 

«/# 

CJ 

u. 

K 

>-._j 

l-»- 

K           ZJ 

l-<I»- 

oc     at 

3L 

21 

MIUVI 

•~»f-sl,*£ 

z  »-z 

U_LU 

f— i 

v_> 

(_ji— aj 

t_NX 

o     u_je> 

UQ.U 

— 

IU       LLI 

CJ 

CJ 

ini.*c 

<l 

M\< 

X 

•• 

z 

UJ3U 

Z<1 

Z— UJC'Z 

z    z 

— 

2-        2. 

z 

z 

Z      <l 

ziuoc 

v.»-4 

Ol- 

m 

z> 

N_ja 

Da 

3V.MIOI-I 

3>3 

"V 

3      3 

IX' 

UJ— 

CHUQC 

OZI- 

O   »Q 

Ul 

U. 

hDQ. 

X 

X    —-*       > 

XQCU. 

>v 

Z     Z 

o 

o- 

mZK 

M< 

-J-  <t 

_J«yo 

II 

—  21  CO 

>- 

-  5->U- 

< 

^ 

1- 

H-<1 

»~_icx 

UJ— a 

_!•-• 

(tVt-t      o 

ocuc 

oc«ot-«ac»-« 

aczcx 

•> 

z    z 

z 

ZOL 

CJ-JOC 

uaa 

Xcow 

«l 

UJ 

UJ-  K->-Z 

UJ<1 

uj     h-oi- 

UJi— U-' 

fl 

CJ       L-> 

LJ 

U<1 

^.ULCJ 

3       1- 

u-u_<i 

U-_JCO 

cj 
UJtO    - 

out     — ' 

UJ— _l 

toto»  «l 

U.(/)U.ltM 

to     ua> 

*CU-       I 1 

U.4& 

u.u.u.1— o 

wouuiu 
Z          <ia 

o^to 

Z2.Z 

t— 1 

H-V.»—   )-.^f_"" 

zo 

- 

O   ►U(-U 

►CJ>- 

_JVJ 

<tz 

o— >V 

-»Z>' 

>•-> 

<1CWUU 

«I<1 

<ViOlL 

<H-I<1 

Z-  ZCCZ'  ZOf 

a<z 

CXIUJ 

(X         • 

<       UJ       - 

«»(X 

Z<xco 

CX  2. 

acoczi/>i— 

QC-  QC 

II 

LL       U.Q.U. 

U-Z 

►      (XQOOIX 

CM 

U. 

U-      »-« 

toi-s: 

toxo 

ooai 

1— 

i-iroa:UJZ»-j 

QC    •• 

OCOZ<.UJ 

OCQ0QC 

H- 

aaoooccjore? 

ZID 

zoo 

<x  •a 

Ot/)hHU3M|-> 

ux 

l_)CL«-iCOt— - 

-a  **-> 

QC 

UJ       LU(XLU 

UJ<1 

<lOU 

<JI-« 

iuir>^ 

U.I— UJO 

•>H-C_)U.<i(X 

l-aj. 

-~|_       U.ZI—  pit--  I— 

QC 

u_oo"-<i"-oou_i. 

0L*-» 

aauj 

INIfM    - 

cj     3*c»  <ia     »/>t- 

«l  •• 

0<lUJ       Z)«l> 

-<ir— <i 

UJ 

to  on/)  z  to  ex  oo  >-* 

h-QLU-> 

r-     x 

UJ- 

Z-13 

CO 

or-^ 

</>» 

•cozor 

•COQCIO 

Hi 

2UJ2HZIU2- 

X 

u,h- 

<ia 

QCO<lU.  II  ^OODU 

^.1-ni^ci-iCJ-iO-  z<iz 

— 

<3<IO<IJE<.   •> 

aoh 

OCOC 

— «  ii 

UJi-i2» 

LUZU-       1- 

UJ  QC  i-4  UJ  O  U-i-«»— 

UJQ.UJ 

- 

C£OOC-<KXOCCX 

oz 

COot 

to  - 

CD|_ 

H-XCL»-«       z 

a_<iuja_z 

ii  a.     q. 

X 

H-Q-»-2:i— O-t— 00 

H-     a: 

i-u-o 

<t-  V. 

XUXt/)JSQQfQ 

zra-i 

isujqqu 

2:_j2i 

o 

•— I 

— 

>«*.UJO 

<ruju_ 

X      ^ 

J2UUOQ.UZU      UJ- 

-o    ■ 

■HOUUUJOIOO<0 

•— • 

aex»  ococx- 

CO  OCX 

tooc 

II 

ZDhcxuujaQjmuJ 

►OtOQC  I—  _J»—  OUJU 

- 

ozu 

•OZOI- 

zo 

ZULlZ 

z: 

U_tX     o     oo-uj>j> 

-       <TX       <Q-_I_JQC       QC 

m 

H«-«»-XH«-'t-aC 

UJXZ 

UJXU 

iu»->- 

_J      UJZcQQol      1— <f 

►qujvOcj        z><itxa-  cj 

HI 

<cj'«Q0<itj<i:<i 

CLUJO 

O.I-H 

h-      O 

<II-^>Z3 

UJ<ILJ— IU-   UllX 

-UJZOtOOUUUJ   *UJ 

— 

tozco 

►40ZWU- 

ZLQCi-» 

2!    k- 

to     z 

1— V) 

ZS-fvl 

i-r> 

oj-  ■ 

ONmI-U1      i-irsixivi 

— 

zuj^:-  zujz 

CJUJH- 

CJ   -Z> 

^■UUJ 

ODHhUhZ      toto  lit-  ► 

•»-■        octo-  H-«m»-« 

— 

UJOUJh-UJOUJ-J 

OI3 

UUJ_) 

WOD 

HU<flZOCZt-<_JUJ<i 

2rxro3:to_j     <i 

-2:  -s: 

ii  cn 

Q.  tO  Q.  (X  OL  to  Q.  «».  < 

—      H-— J 

O-CJ 

MO 

UJMtLM 

— IQL  JECJi-»m^»-Hh-— JtO-*Xl~«-  »-* 

»-• 

2:<i2-<12.<2.ujpiuj    o 

u.i>to 

U-'tXUJ 

UJUIODZ 

1— CO«l            *-t—    *l 

JJ|— Z«l—      OI-»H 

CM    - 

O      OQ-O 

Caci—X  *«/> 

XI- 

XUJCX 

XX 

ujq.1— ot/>a.ctcs.-  i 

0.  Q.  UJ  O  C3  21  ^H  CL  UJ  U_ 

H-- 

uzu 

OZO-  OH-LU 

t-       UJ 

»-Q.U- 

Ht-ujujaoz    t— cooto»»< 

-«0»-*      O0D 

••OQCU 

C 

-  •-.-   _j-  ♦_)-      •»-*-  Q-UJ 

-  UJX 

• 

•  «.   . 

i.IC»  UJUJOIXUJ-  UJ 

—   OUJQCQCm-  «I- 

O  H 

«     -<t  - 

-x 

*  ->-X 

-to»— 

»oo 

»  H-l-O   *• 

-*ioaM  »cxx  — *x     o.* 

■4     —           — 

QC 

xwxiuxwxinoxKi- 

X<I 

X.-2L-Z. 

XX 

xui-a:     -  x<mxu.(-oc 

-XcOX 

zm 

>0|— vOOC  OI-vO   •• 

•in 

inx- 

irn-«*-« 

mm. 

-  -  Z-Ot-i-        UJ 

•»o 

-^vOLU-  OUJ-  «OI— ^o 

-  »- 

►z  —   -z  —  o  —  - 

-O.   - 

►_j_j—  •>  •• 

*  ..cc  ►u.  ►azx  *<o 

►  -UJ  -K-Z 

*o  •> 

»cx  — 

-  o»  m-  o-  accM-    -  - 

U_      -       U_      -  ujz 

H-U-1-..^-U.I—    -l-|-tO«-« 
«!l  UJ  <I  UJ  <t  UJ  <  X  <L<  <l 
2;CJ3LQC2.02-«,»2;2:j-tJ 
CXCJCX^LOCCJCX.    -U.UCO.LU 
CJ-  O"   CJ-   CJ^CJCJ       J6 


IDiu 
CX2.-S 


^h       ,-,       ,-<       ^  f-ICMm      — ICMfCJ      »-«CM 


-  Q.Q.m-  -  *s.>vU-  tc-  o»-hO-  I—-  -  O-  <»^  ii  ■  O"      -  QC» 
Oii-HOONVI-OUJOHI-HWOOOUOZH      OQCO      OUJ-i 

-  <«O.CM-  -  >«.v.lu-  o-  O  •••  CJ"  -  -  -  m30-  -  -  •*»•  hh- 

-*tOv>— •** ***»—  CX'^»CJ—'QCCJI''1«UC'— — '    r.— 'iCJ*-—*    -*^XJ«—^-  <-» 

UJOChh       -  X      OQCO       X         •         - 

»—  UJUJ»-H-H-h-l—  CXH-  -H-SICD   -H-  -t— »— <MH-ZdJOI— m»-rO|— XH- 
<Ii<l««a<IX<3>  <X<.<   -<IUJ3lX<   -<.-h<CO<1 

2.1— h- 2. 2. 2. 2. 2:  ex  2:  cms:  ^c  to    2:  cm  2. 2.^2;  a  oz  21*^2.  t"  2: -<  2. 

U.  CJCU.LZ.U.QCUCLX    -OC  II  UC    -tCCX    -U.  QC    -OCU.U.     -ac 

»%_'-  -   CJCJCJCJCJtuCJ'v.CJ*   •         O^CJCJ-  CJ-  -    -   CJ"   LJt-«l_JP!CJ 
vU_  U.U.U.U.U-       U_    -U.    -       C_)U_    -U.U.0CU.    -  U.QCLU       u.f-u_ 

•-H       -^       f-^CMHI        f-<  —4       -*CVJm       — *       — <       ^H 

i'-od     u*     cj  •-*     imhi     *r  111     >o     r*     ui 

ouwu     vu     tr»  u^      tr»t/»      O'  t»«      u»     u*      w» 


225 


ooooooooooo 
cr»  o  •-•  <m  o  > -r  u  "i  »o  r- *  (-P 
rvjoicMrooimmrMoirnoi 
ir\ir\in  mir\  ir\  ltv  vr\  m  ir\  in 
ZZ2Z2ZZZ2ZZ 


«<  <i<i  <i<t  <i  <x  *s  <r 

rxzizzsiss-x 

•  ►-« 

«•  ►» 

CJ 

—o 

>v- 

LL) 

CD 

NZ- 

UUJ 

•»LU    •• 

<_>— 

"«*co 

"■(     V 

t  i— ■■ 

o<i 

m   tO    ► 

1— 

<IX 

>-  — 

CO  • 

Z.Q. 

*co- 

*—m 

* 

* 

Q.W 

CJ   •" 

*</>* 

Lur\i 

LUX 

*UJ* 

t-r- 

oc«4- 

*»-* 

o  •• 

t— •    •■ 

*<!•»■ 

<t~ 

*<->* 

a. 

**-"* 

«i« 

UOQ 

*CJ* 

j.  » 

-  Q 

s:* 

cw. 

»■•— > 

e;»-»* 

•> 

XU_ 

LU- 

mu. 

zzu 

XLU 

»»  i 

l_> 

1 1 

-  Q 

MM  2 

CD 

«» 

h- 

u-<». 

OJO 

2<a..-. 

Oh- 

I_J<1 

.3 

VI 

'-Z. 

qccj^: 

H- 

LU- 

U-i 

toco 

o  ► 

<     cc 

LUi— 

Z)X 

o 

»— 

H>r 

3H< 

21 

1-4  •* 

t- 

ILU 

Z- 

#W3 

•-»- 

UUJ 

*!-• 

.3  VI 

<lCO 

*ut* 

U^- 

ae.<r 

•frlU* 

<rco 

-  X 

■»■»-* 

►Q. 

*o* 

LULL' 

X 

■*<».-* 

XX 

r-o 

*(X* 

»-H- 

•uj 

#<t# 

-  «: 

—      X* 

-  »- 

>i— 

«-»-  u* 

-< 

ooo 

>Qw 

XX 

ZLU 

•CMLU- 

LTlh- 

LUG 

m  ►X*-» 

» 

3" 

•— 4>s.H-fM 

^» 

u»  » 

LU    ••         •> 

•>  » 

LUX 

Q-— U->v 

—V. 

OCvO 

^»  o*v 

•     «• 

U_    a. 

►  1 

1  - 

X-  »-• 

-  CO 

t    -_ 

oi«-co>- 

wUJ 

xe> 

wCMUJI- 

(NJ»- 

muj 

cor-f-»-« 

r-<i 

•O 

*•  »    -j 

*o 

•  w 

-  -  x*-« 

»    •— • 

LU 

OH- CD 

ocj 

-  CO- 

—  -  Z)<—  i2 

'-"<*-  *"-UI — 

"»«*M 

X- 

-            CCCO- 

KCL.C3I-H-      «£ 

1  h-Z 

•C-  UJ«LU»-«-  <U 

2.    MJ22.X       « 

— Z.*-1 

ax« 

-IX.LXJ— •    IMOLI-LJ 

oouu_l_lj      «h 

-CJ  "•*«£. 

LL.    ►LULL-LL-   >. 

»U_-J'JJ 

<-if\l          t-u>jr»»      t-« 

LP 

UH 

IM 

CP 

C90 

o 

226 


oooooooooooooooooooooooooooooooooooooooooocooooo 
^tNioi^u^r^coc^O^rvjot^insoi^ajc^o^CMrn^LavOi^cou^Oi^c^ 

<i^.<i-«.<i<i<i<i<l<i<Ki<i<j<i<i^.«a.<i<i'<a<i«i<i<i<i^.'<a.<i<i.<i<t<t<i<i.  <t<i<i«ar«a<x«a<i<x<Ki<i.<i 

aaaaaaaadaQ.aaacLaaaaaaaaaaaaaaaaaaaaaaa.aaaQ.aac.aao. 
uouuuuououuuuuuuouuuuuuuuuuuuu  cjcj  o»-> 

++++++++++++++++++++++++++++++ 


+  ■* 

zlu 

1- 

♦  "♦• 

LUC_> 

+  -r 

l—<l 

*~ 

LU 

■♦•  •»» 

U2. 

CO 

X 

+  + 

HH 

LU 

t- 

+  ■♦■ 

llz 

S 

+  ♦ 

U-LU 

O 

a. 

♦  + 

UJUJ 

-J 

•  LU 

U 

*  •* 

OCU 

• 

LUX 

*  -h 

CJ 

2.UJ 

-Jl- 

LU 

+  ♦ 

CO 

<_J — 1 

m 

3 

•f  ■+• 

-1< 

or  cd 

<ru_ 

—1 

+  + 

<ll 

LU«l 

•»-  O 

< 

•• 

♦  •* 

tu 

•_< 

LUQC 

^ 

CJ 

♦  -t- 

a.*-> 

OCT 

_|<IUJ 

LU 

a. 

LUV 

OJ-^_> 

r- 

ac 

•+ 

X-? 

a  ;> 

«a     _i 

Z 

►-« 

♦ 

H- 

UJ 

l-.XL<J. 

<l 

3 

* 

»■"  + 

cji-- 

tXLU-» 

I- 

CJ 

♦ 

3 

C£Z 

<*_J 

_J 

LU 

+ 

QC 

OIU 

>ai- 

3 

cc 

+ 

—a 

0 

ZL-Z. 

CO 

+ 

co  ii 

►z 

•xo< 

LU 

CO 

-J  + 

"■»co 

COLU_JLUO»- 

a 

2; 

<i  + 

<a 

t-a<i_j     _j 

<l 

:>-♦• 

z 

Zii,i-auj_i 

LU 

ac 

a  + 

-JO    • 

LU0  2s.2-J.c; 

X 

0 

♦ 

^.»-«UJ 

h^qoi-  tu 

t— 

c_» 

OJ  + 

*-»-_! 

uhzu     a: 

ad 

z  + 

2T 13 CD 

»-.        >        LU 

LU 

a 

— 1  + 

OK 

U.LU 

jiuoai 

C 

I 

»-■•• 

^j.t-ti-4 

u-xox    x 

CD 

3  + 

>t~cc 

—        LUHa»~t-»-- 

1- 

3 

o  + 

-Jt/Xt 

►~»     ..0 

CC 

ac 

CO 

ac  + 

aco> 

>       COOLULULUxtLU 

<x 

CD* 

ar? 

••    a     oxoao 

a 

z 

♦  ■»•  « 

^:  *»*•  ac 

cj  «•  +  o 

•-*  +  *  o 

I-  ++  cc 

^.  ++  a 

c_>  ♦  ♦ 


I-  ♦  +  <  z 

co  ++  ►-«  ac 

LU  +  +  2:  3 

Z  +  +  O  I- 


«/»+  +  >  a  z 

z     +  +  *  <t 

<     +  +  af  lu 

lu     +  ■»■>  x  co 

2.        +♦     »  I-  t- 

+  +►-«  oc 

>■      +  +a  u_  < 

cd     +  +   «  O  a 
+  -fac 

cox         a     lu-j     t—                           oo+  +  a  lu  > 

<i     lu         >     t— <ioc.     t— >h-     >-*-•            lu     ♦  +   •■  3  ac 

lu_j             »      lulu  lull  nearer      CT           |_                3E.       +  +  Z                — •  —I  < 

LU_Ua           »-«       2:aCJSO<.^<l    •<    •      O                OC^fZ                   •«»  z 

h-»-2.          a      o      o      Q.ZQ-JZJ     -i              a      ♦♦    »             0>  *-• 

<i     o          ••    ocLuacr     »-«     <ti-e<     3            lu     ^  -f<i              •  0 

3xcj     "oc     <o     LU_jo_Jt-.e>»-H     cu            a:     +■♦■'-'            —  x  — >     <i 

jo        cua     a    h- o<«s:<2:                   tu     ++            — •— *  lu  -32: 

<i-ilu    o  •■        a:coa:uj2:ujo2'0    o           a     ++_j        ^--f  —1  1     •-• 

>H     zz     LuOLuocc^oiZi-iZ     z                   ++<i^.    clz  a  rH 

LU3J—     LUZ     01— X                 >     >-     <l             CO     +•+>.-•       *-z«-»  2^  +     a         — 

3  •■        ooluujlulu_jlu-j                    —     ++a—     a«-  ••  o  z     Z     —a 

pace     o<i     zai«-  xx-UJ-CJ-uo     co                    >  +     <aa<ni  o  ^Z     <i     a*^ 

1-00     luw     coxH-t-K-i-ah-a     "J            z     «t- *uj       •"— <—  »  z**  *-e> 

LULU      CO-J      —                                                    Z                O       ++ZZWXX<T  LU  •"•!      _J       _»<I 

••                 <i     h-  11       n  11  11  »       11          «-<tu         »-*     -f  ♦•-•cj     _i_j  J-  ^h*     «a.     «*i. 

lu            ti»     a                                      s—Z     "I—     ++1— «-«xaa—  1—  ■•  co     lu     ujm 

co             za     i-i                                        Z)C7     0<i      ♦  i"3toLU2:2:z  ~>*      oc     ac<tz 

O            •-«        a.                                      oz     o_>     ++OZJUOZ  lu  a                    a 

u.              _j_i      vj                                            a.          JL— J      ++cr.Lua          -^  z  »m         lu       11   11  3 

cr              _j_j     0                                            cu          >— <i      +  tait.2.  it  11  —*  »      a.              I— t 

^j              *i<k     uj          ^QC-^cr.      »-»          _i          uj,^      f  ▼  _>»-n_»          u-  2.  uj         1—      «-•— <cu. 

a             cjc_>     uj<i     zaaj»     ^         co         2.lu     +  f«/jcjcjcf>a»-i  a.  ua             -»^u.i 


•♦•■♦•+•  "f  +  ■¥  +  +  +  +  +  ■+•+  +  +  +  -f  +  +  •»■  +  ++  +  ■►■♦•  +  •♦•  +  +•  CJ 

uuouuuuuuuuuuucjocjouuuuuouuuuiuu  CJOCJ 


227 


oooooooooooooooooooooooooooocooooooooooooooooooo 

cDcDaDcocDoacDaacDcucDaJcDajaDcDajaiCDCDmaJcDcriajaacucncDcocDcctEcDCDmcQfu 
a.2.z:ax2:a.2.i.2.xi.2.2.z:i.2.2-2-*-z:a.2-S-a  2.*.  2. 2: 2.2  2, 2. a. 2:2. 2. 2. 2. 2:222.2.2.2.2.2. 

LULUUjLULULULULUUJUJUJLULUIA'UJLUUJLUUJUjIJJWLULULUI^ 

coco  cou>co  co  co  co  co  v;  co  co  <a>  co  co  cocococococovjco  coco  coco  coco  go  cocrt/,0^ 

UUUJUUUUUUUUUUUUUUUUUUUOUUUUUUU 


■n»f 

-J -J 

«-i         U_ 

<i 

►M 

UJ'- ■ 

^»  ♦ 

+  +  ♦ 

«t<l 

X     uj 

a. 

<_> 

x*~ 

"f  + 

+  +  ♦ 

1    II    1 

h- 

2 

l-LU 

+  + 

+  +  + 

li 

»- 

> 

LU 

21 

+  + 

*"»■"•■ 

CJLJ 

a. 

at 

LJ 

ox 

+  + 

■►  ♦  ■*■ 

z-£ 

•     ^ 

<i 

CO 

ZK 

•t-  + 

♦  i»  *■ 

>•>- 

-J      u. 

z 

— 1<1 

»—••—• 

+  + 

+  +  r 

_)_! 

<t 

H4 

<l 

2:0c 

"♦•  ■► 

♦  ■*♦ 

DU 

•-.     _j 

O 

aiz 

OC<L 

+  ■► 

+  +  f 

O.Q. 

2!     « 

<c 

QC*-* 

O 

+  + 

+  +  + 

O       LU 

X 

•• 

LL.X 

+  * 

+•+■♦■ 

-du. 

«C     a. 

•-« 

LULJ 

U 

LU    • 

+  + 

+  f  * 

X 

*- 

XLU 

LU 

>— ll_l 

+  + 

<l 

♦     ■*> 

"-»- 

—1         LU 

LU 

r— ii 

uc 

OJU.LU 

*  +• 

■►      "► 

u 

«_»  «x 

X 

LU    • 

1-4 

2-J> 

+  ■♦- 

UL 

*      * 

u. 

U.COI— 

1- 

OULU 

-J 

(_j<_j_J 

+  ♦ 

U 

*     ♦ 

COO 

1— 

^QC_I 

<-» 

LULJO 

+  + 

+     ♦ 

1- 

LUOO 

CJJ 

h-iCJ£D 

UJ 

H-      > 

+  -f 

CO 

+      + 

ZtO 

IOZ 

z 

2      < 

Qi 

<OZ 

+  -»• 

1- 

«— 

+      •+• 

LUH 

\r~QC.*-* 

»-< 

»— • l»— • 

JZh 

+  + 

Z 

t-4 

+  _J  + 

~a 

2 

2 

<<oc 

CO 

Z3«-« 

+  + 

LU 

n 

+  C0  + 

ua 

u.u-»-« 

>— 1 

>-«-«-«t 

21 

OOCO 

+  ■♦■ 

l-H 

^» 

+  Z.+ 

t-»ar. 

ou< 

<l 

^2.^ 

«I 

-IJh- 

+  + 

l_J 

a. 

"t»UJ^ 

u_ 

1- 

CJCJ 

a. 

<l       O 

+  ^ 

l-H 

CJ 

+  co  + 

u->* 

acac^ 

4. 

t-'^l- 

O 

000  <_3 

+  ■♦■ 

u_ 

+     ♦ 

LULU 

LULU  a 

O 

•      ->-2 

u> 

»-Qtl 

*  + 

LU 

• 

+  LU  + 

O-J 

QOQU 

OCO>-_JLU 

cc 

LUO 

+  * 

LU 

*• 

+  2  + 

ua 

ex;  2: 

h«OQ 

a. 

a:cjx 

+  "f 

a 

rH 

+  ►-«  + 

2. 

od<: 

•ZOOCQ.Z 

1 

<iccuu 

+  + 

-~o 

m 

+  h-  + 

-10 

2       CO       OOL       LU 

OD 

-J 

+  * 

LU 

w 

■f  z>  + 

<iu 

iti     2!—  zor.<ruja. 

3 

COLUQ- 

J-  + 

l_UJ 

-j 

+o  + 

LL< 

••IUJOOO 

XLU 

CO 

HII 

+  + 

••X 

2: 

+  <x  + 

ao 

CO  l—  X  »-4  O  •-•  — l  h-  h-  Q 

2KO 

*  + 

H-.J-, 

3  ► 

** 

+  CU  + 

z 

at     »—  coixco<a._j     2 

Z 

LU       O 

+  + 

ac 

CO— 

* » 

+  .3  + 

m<r 

UJO     2 

Z»-<a.LL.»-i 

O 

1-4  UL 

+  + 

•«•> 

•O 

hH 

+  V)t 

X 

— . 

I-  2  co  lu  _J  LU  2:  J-  O 

1-1 

LJO> 

+  "f 

CXLUCOQCm 

"-• 

+     + 

H-J 

LL 

ium<2:<2o^    uj 

h- 

H-           2 

+  + 

azKQ.w 

1— • 

+     + 

«l 

U 

2l;>    t-it 

-t-«^iLJCOX 

O 

U_CO<l 

i»  ^ 

•4-«0 

»i  1 

or. 

""• 

+     + 

IUUJ 

* 

4MUJQZQ>      1— I- 

2 

U-|- 

+  + 

ZiO 

—or 

•• 

O 

♦     + 

H-OC 

t— ♦ 

troi     0     _j»-z 

O 

IULJLU 

+  + 

^QCCt^ 

*■ » 

• 

+     + 

<t 

••QC 

<       <HJL.ZLL.02I.UU_ 

u_ 

OI3-J 

+  + 

LU 

m  - 

•-« 

O 

+     + 

3LU 

ai  •» 

clo:coo>oq.<«-0 

UQU 

+  + 

_Jfr-CO 

■>^— 

*-• 

•> 

+     + 

-IX 

OQC 

ai        _j 

S-O 

a 

02 

+  + 

CDlUH-OO 

or. 

O 

+  +  + 

<l- 

ZOC 

LL  O  LU  >  0  >- Ol -J  N-ICO 

2 

-JOt< 

+"»• 

2-Ql-i 

•fO 

or. 

• 

+  +  + 

■> 

UJ    » 

ou-'kckiju-o: 

<. 

<Q-X 

+  + 

LU 

— »«■> 

*• 

O 

+  +  + 

Lus: 

DZ 

i-»-a- 

Otl-COXLU 

l-H 

+  + 

CO  LU  ZOCC 

x     0 

•■» 

+  ♦  + 

0 

<-#«— 

zz    o_luo_ 

LULU3 

C) 

2:  LUO 

+  + 

2C?r«ioc. 

-j       • 

X 

*>  ♦♦ 

00c 

UJ-J 

OMvxx<u.aoo 

LU 

UII- 

♦  * 

LUi—QC 

** 

za     ^ 

Z_J 

♦  +  + 

H-LL 

OO  CD 

•-I       »-4       j—       0       O"- 

2 

z.\- 

•f  ♦ 

2J-U-UT2 

^i. 

••Q. 

♦  ♦  + 

2. 

r- 11       11 

II 

II 

>— iLU 

>•       Ht 

♦  ♦ 

*~-J 

CJ^ 

HU           II 

^HJL. 

♦  +  ♦ 

UJ 

(JIU 

a. 

»r-2 

••-JLLLU 

■t-  + 

KOJXH+ 

II 

II  <  J 

+  •••  + 

CO 

ZCO 

»-* 

Z)CJ 

UUOQ 

■♦•  *• 

_3tt<lLUC02 

•— •  II          — 

2. 

♦  ■*•  + 

O 

1— • 

tc 

oz 

OO.        CL 

-f  + 

CJCD1-1 

_I2 

2 

II  1 

♦  ■*•■► 

a. 

_J— 1 

CJ 

an 

J-       COCJ 

■h  ■«• 

ar_J2.u.iu  11 

t^—      ^ 

LP 

♦  ♦  + 

u. 

— I_l 

l/l 

cu 

1— LU2. 

-»■  •¥ 

U->t/Jl_l2.2. 

•— «      ««» 

2. 

■r  ■*♦ 

— > 

<l«4. 

LU              JL 

>— I 

u. 

_> 

u>x_l^ 

▼  "T 

_/     ^:v_ii~*«e. 

LJ'-»        Ll- 

UJ-J 

■«•  f  * 

u. 

^•— > 

o*£     ae. 

QC 

CJ 

CO 

2.  t— «/)•-> 

■*  T 

v)cj^-ljcj^: 

LJCX.        <~> 

LJCO 

"♦■  +  ^ 

■+  T 

•— 1 1 

XUJ 

h-u. 

t— 1 

uuuuououuuuuuuuuuuuuuuuuuuuuuoouu    00 


228 


oooooooooooooooooooooooooooooooo 
cro^*(NJ^<rir\«t)r-cotr>0'-t<vio^>3'^oi>-oocrO'Hc\jni«d-"^'Ois-co(^o 
>r  u  \  in  in  in  in  in  u  itninifi  o  >u  >o  o  mj  >o  »o  »u  \o  no  r-  r-  r-  r-  r*»  r-  r-  r-  r-  r-  cd 

mcOOJOjaiaJCOCDCDOQCDCDCDCOODCDCDCQCDCUCDCDCDtCCDCDCDaQCDCDCDcD 
lii2.2.2:2.i.i.i2.2LiiiZ.i.iaL2.2.2.i.i2ii2.ii2.i 

U.'UJUJLUU'UJUJUJIXIU:UJUJUJUJUJUJUJLtJUjUJUJUJUJUJUJUJUJtUUJU_U-iUJ 

co  CO  co  CO  co  to  1/7  CO  to  CO  CO  t/?  co  to  co  CO 1/)  co  to  I/)  CO  CO  CO  I/)  CO  CO  v?  to  to  CO  CO  CO 


1— 1 

oc 

*■ 

Q 

•» 

00 

Of 

o 

•n 

<"» 

IX 

• 

(M 

s: 

UJ 

o 

=> 

X 

o 

•> 

— » 

<-» 

CO 

»r 

•-4 

■-4 

o 

*: 

-J 

«* 

*-4 

1  * 

+ 

• 

o 

I 

_J 

•> 

>o 

— • 

f-4 

i— « 

iX 

3L 

<1 

«"■ 

X 

-j«r  x.    w  x  2:— >oc  +  at     ^  — <oc  *-*  • 

—  ••     -J  _J  »i-i*  s.  *— «  1  +  ••"»*. 

•-«      -5*—^  _J^  U.  .-««— OL  J  t-»^—»CU  a.  11  -o  — » 

m    at:  1  11  + 11  aj.  11  -sa  co  11  »-i_i->  1  <— 

11      11  |  St.  f-ii-«  o  •-•      1  *-*  1  »-z  z—  z     z  h- 

O      -J  —  II  ll  3i:-3«-«  Q-  acuuu.  < 

—»*-—.«-»  11  u\iim  11  r-      11  cu     -h  11  a.  .Jt—  -J  a. 

<-•— I  »-•  3C  at.  II       j£  «"•  I— «-«l—  Ctl 

-»|_|*—  U_«C  \_j+~>-~~  (X.  l_l<_>U.  J  l_J        U-CJ  U.UU  LUQCUJ  \_U 

"JOnwi  CJt-»-J  U.  UHQ  CO  LJ-Jt-iCJ  St-l_>  ts._su.  U_l 

i^oi^r  u»  v<j  r*»  <ju  w*  o  »h 


229 


oooooooooooooooooooooocooooooooooooooooooooooooo 

QDDDQQGOODDOQOQQQODQDODOQOOUQQOOCQCODODOaQQOQODO 

accecccccccccccccccccccccccccccccccccca  ccccccccGcccuacoccccccceLCCCcccccccGCCCcccccccccccca.ee 

aaaaa.Q.aaaQaaaaaaaaaaaanaaaaaaaaaaaaaaaaaaaaaaaQ.a 

+  •                                              Z 

__  at  —•             cr                         lu 

<1  •-«  (X            —  CJ                                   UJ 

+■*  LU  ■■■»  I            !_></>       UL                        CU 

2:  X                                    z  a^-QfHHO-^                 co 

t_>  t—                                          LU       O             UJ  »-<UJU'>LJ<IUJ>-. 

2:  X      *-*            Z  "—                 •»•-»      U.       -L            J> 

>.  >-                                       |~      CO            CJ  CJCJ       UJ       l_»                 t-            «*■       O. 

_»  CO                            CO                 _C  I—       OCT.            CO                       X      CJ 

U»  t-       U-       UJ            CO  CJ            -CCJCJ       -J      CO                      t— 

a.  xo                  o    o    xx    _j  i—a.    <t    cc    <i    co    qo    cj 

olu              co     o              >-*0      <£  3     ff-J-UJ     111     tu     UJh-     UJ 

Z  «-«(_)               1—      <x      co      <_>»-*      •— )  Ol          cu^irs*      ;>      _j      t—  »_j      _> 

LU  -JJL»-»                  CJ                  *—             X       i-CO  _J  —       _I<1             LU                   "Q.CJ 

_>  <i     j»             o     u_     __:     co             _£  -h     cj»-cj     cc     co     _juc     t~ 

►_  mCm               tt      CJ      LU      <C      Off.  — >—      J-COI—                <l      _J          z 

cy  s:i-a                          f*     xk-    »-»<r  -*uj        *c        cc     x     cj-j     uj 

O                    u-     co     CJ                    2:  ^-        ujclu     0            _i_i     •- 

<i  z:sco            o     t—     »—     acs     zu:  02     jud     h-  «a     «a<i     cj 

>-lj»—                    at     u-c  00     cjcc  •-•     ai^aiui/io     cj        »-• 

U.  _I_IUJ          OCOCJ<lCJU-|-t— _J      »—  z          —*          ouji—  t—          u_      u_ 

(_j  U        O              1— if—  *- ■u.'— <L1JI_J*_>              W>U->  ^*L_)        l/*LU«_l»— IJ>1_JCJ       CJ»—>       U_> 

u-_c                 a             cjciuj__     ^il  lu     <ii— u_i~     ouj     z         uj 

CO  CJCC           Z<l4£X^UU>U      LUCO  CJCC      uj  ^.  __.  cj  »— cc  i>      «a>-      CJ 

»_  Zjxo         cjcli_jujcj             at     a.  ujc     u-oc»_i<i__                 —i     cj 

O  CUU-J—           t->      »~i_Ji-iUJC_)}-LL {/>*-    •  C£»—           UJOOCLUOK-      zz 

O  >    cj        co  _j  co  a.  co  ills  z    h-Qot:  ceo    izzuxujz    luo    lu 

CC  hQIU           Z<ZSZl-(-UJCO      LU  K            H-LU<t  I  OI-LU      >           X 

OLU>            LUUJUJOUJ       <MUJOOh  COUI      »-«Ofnc0h-«<tt-«      mO      h- 

x  —            cc            2.a.2L  cja-co-joocact-cu  a.     _sid<i     ilju     ouj 

UJ  CC           U-LUH-      LM      -*      *-iZ_J»-«UJ           _».  co«a           o      t_iu-r5»-»           a-      u. 

_l  UJ              0-J,2_              LJCO-JCO-Jl-iCJU-l_JLJ_J<J  »-»              UJ        CO-CUJCJU-        ZCC       CJ 

u.  h-i            aciu     cc     z     z     <i— iu_a_uu«»<x  ui     cjco<i     cj— iu_     ujcj 

3.  •>            CCCJ*-«       CJU_»-*U_I-«U-|—  «*UJO|—  O^.  COH-       ZH  jKCOCJ<TUJ       UJU.       (X 

O  (X           O      UXhO<lQ<OZUO      40a  H-OC      U^           (—      UO    "SO.      o 

O  »-*            I— LUt-iffO      I—       |-_       O      OLU_JLU  0*1       O_iU!C0O      OCOI— UJ       CL 

•  »           OQCU-U!UJuJZUJZUJOX       CXZJ       ff  OQ-COff.<Zi-«UJUJ       I— UJO-       (X 

ljco  _j     cotu<iu_i—  >ooooo     »—  cy-^cjcoo  tx     o.uj»--»»-ixi—  xcji-ioj        uj 

ZK  O      0T>      UJ           <0<0<-J«Z      -it-tCC  XO>XI-liJ<l-ltC3      CO 

<Z  Q.       UJ      COCOLLQC       CC       QTO3E»-ic0<l       ff.  HJUJaZOJ       -J       l-t-ZH      UJ    t 

LU  ••     ht-KOaOOOOUJOQ.      h-l—  CJcXUJ  X_iff.CJZOUJljU><QO           >*- 

_j»-»  lu     luzz     lu     1—     1—     t—     _j_jz     *-■  i-Q-uju>q:o:uO-J     cotx     »-»^ 

<U  •»      21UJUJZ's«IZCOZCOZCOZ<l-3UJU_      O  Z           _jcduj_j       _3I—»-«Cj      t~ + 

lu"-»  o    «>-*»-«uj^o    <x    at    <x»-«co»-«o>-z  u.aooD-»xo-uoai-    *=iff. 

ffu.  ►    ££oo>omododod2:ii'(j    _ji-«  cuzzavi(-ou_JUJ<o     -j«-" 

u.  cj     <i^mm^(/)2i-  z»— z»—  i-J  re— cx_Jt—  <<r«:o-uj     uj~' 

_JUJ  l-«       Q.U.U-0       Z»—  UJ«-«UJ«-«UJ-^       U_UJ<l_J  t—  <J?COCJCOCOCOCO(XOOC3L>       QCO 

o         _io  •»        ecu.     »— Lu>£uc.i^cx^a.>-cou_a3ZZj  KZZZZZZZJ     OU 

C*            <£CJ  CJ       LLLULUUJC02  CC       CC       Of       -J*-«UJXacO  <!•-« <t<X<K<l<tCJUJcJCJf—    •— !? 

<x  —    ccokhozozozuiosouj  O.QUJIL1UJUJLUUJOX       za<t»-« 

Q.           LL1_J  O           UUKJQ203020Q-l-UZZa  Z2:2I2:XZZ<I--C^_IUILUZ 

(_<1  cj      2  _jO                                          <»-"»~«-«Q 

lu        <tlu  cc     cj  1              I   I       I       I                  11  <aoH(\irivt^            zo<xlu 

z        _jff  tv     •-*  ujco                   1             H-n—_j<io 

h-         _j  1-  (xlu  11  11  11  11  11  11              u-u._22.cr 

1—     lucjX  _j     a.  co     cc                                      u_cj     o 

-J     co-jh-  -J     •-*                                  -1                       tr  _icua_(Xa:o_c_:o_o.             ujuj_jaicj 

t_j       (_<!.•— <  Uj<j.        (X                        CJ                        CJ                        CC       UJ  IXXCJCUUJUJUJLUUJ                   J_CJ<IXU-< 

ff.       Q.IJJT  OO       OO                 •""«_?       UJ      Q.                       •— •      •— •  <lH-0»-it-»»-ii-i»-it-i                 J—OCJJ—  cr 

OU       CC  <             CO  -E 

-J       3  CO             LU  UJ 

V)        U_  _J              t_J  uc 


UC'UUUOUUUCUUC'UUUU-'UUUUC'UUOUUUUCJOOOUOUUUUOUOUC'UUC! 


230 


oooooooooooooooooooooooooooooooooooooooooooooooo 

Lr>o«-»r\i^>^Ln>or^cou^o— <i\j™^Lnvoi^co<j>o«-«ovicM>ru)or^ 

>r  m  m  in  m  in  in  in  in  in  in  >o  >u  «o  o  o  o  «o  o  o  o  r-  r-  P-  r-  r-  r-  r-  p-  r*  r»  oo  cu  oo  oo  oo  oo  ou  co  co  co  cr  tr*cnLTCM/>cr> 


OOaOQDOQQODDQQQODOOQODDQODCODCCQQQOQGCQOOQQOl-iCDa 
Cjflj^Lj^CJCJ>L?OL*Cj>LffCj»L*L<>CjT<^UC3»L*CJ^CJL^ 

araacucacxctaaaocaaaaaaaaiaaiaacaaaixaaciaaaa 

aaaaaQ.aaQaaaaaaaaQ.aQ.aaaaQ.aaaaaaQ.aaQ.aaQ.aaa.iiaaQ.aQ.u- 


LL 

•>           1 

O 

CO               « 

• 

-J         « 

tor- 

2.              « 

t- 

zz 

X              • 

z 

<IUJ 

1-        1 

UJ 

IU3E 

»— •             < 

1-4 

i.UJ 

ac           i 

«_; 

O 

l_»                « 

•-« 

>-«x 

o          1 

LL 

aj_i 

_l          « 

U. 

a 

«a           » 

UJ 

u 

Qto 

1          « 

o 

u« 

LU>-« 

Z             I 

LJ 

a. 

LU               < 

IVI                  < 

LI 

— ♦ 

_ IJL 

^           1 

U. 

u> 

31- 

LU                 1 

h- 

U< 

lu 

LJf* 

a.            < 

z 

tNI 

ac 

_1JE 

LU    •          I 
U.P-         t 

LU 

1—1 

O 

to 

OS 

u-in      « 

u 

_J 

7? 

5 

X 

»-«Cr» 

l—l 

< 

<. 

LUf- 

O— « 

t      — • 

LL 

•—I 

I- 

tt 

a»-* 

•t          « 

»     ac 

_l 

LL 

£ 

LO 

lv 

<icr 

z  •"       < 

I       IU 

<l 

LU 

o 

LU 

U 

u 

UJ*-          « 

•      •— 1 

*■» 

»— • 

Li 

V) 

z 

JS 

a 

JO 

H-Ct        « 

•       •> 

I— » 

2. 

o 

h- 

>- 

LI 

u. 

<l_J 

^■<t 

1      ex. 

— » 

a 

z 

—1 

-1 

CO 

.-.*£ 

luo 

•      ►— • 

— ) 

z 

H- 

LU 

o 

3 

z: 

t-«l-      « 

»        •. 

o 

> 

to 

»-« 

a. 

LLt 

to 

aai 

t-h- 

►     _l 

a. 

— 1 

LU 

o 

X 

zo 

o-> 

•      U 

to 

u 

X 

l-« 

z 

1- 

z 

>z 

31-        « 

•      Q. 

LU    •* 

a 

o 

LL 

LUtO 

O 

-JOJ 

CJCO 

•        •" 

_J— 

1-4 

LL 

>»- 

LL 

H4 

ace 

\ 

•       LU 

CO —4 

z 

X 

LU 

•-•o 

O 

h- 

auj 

ac_j 

»         ■> 

<,w 

UJ 

CJ 

cjlj 

CJ 

LL 

LULL' 

•     L» 

«-«o 

>zu- 

o 

ac 

—      X 

^ 

urn. 

QtO 

1              V 

a 

HOO 

LL 

OC       LU 

o 

X»- 

*3 

»    o 

<  ► 

C9kh 

o 

oo 

♦-t      O 

u_ 

i-o 

»cu 

•      »— 1 

.>— 

tox 

oc 

oc 

—    z 

I 

ac 

1        *> 

f-« 

ULZLU 

LU 

H-ui 

t_)  ^t  -1 

a 

LLH- 

LU    •» 

•     o 

>— » 

OLUO 

rvi 

Zi*J 

v.ac 

z 

OZ 

tOQC 

•      — ' 

xo 

xz 

eg 

LU 

— »-LU 

<i 

LU 

13  LU 

s 

Zwm 

•> 

e><r 

2TLL 

»-.— X 

COH*U'<CO 

•       CJ 

3  ► 

oo 

0> 

z  • 

LUO 

1  Oh 

to 

l-l-OID 

»    o 

a— . 

•— • 

to 

r^ 

»-»ro 

o 

oc^ 

LU 

OOZWUJ 

»     or 

*^ 

hU.2 

o 

» 

_J  •> 

zz 

•-•—to 

z 

OOLU.-< 

»     a 

Qw 

<o«-« 

HH 

cr 

H->T 

«ao~ 

— '— )t-l 

•■H 

ac.ocx.i~x 

LULU 

rxi 

< 

on)* 

r- 

<I 

ai-«ac^ 

i— i 

Ow, 

or 

l-ai 

UJ_)^ 

»       UJ 

z 

•-•1-t- 

1    1  o 

ac-» 

at-'-  1 

+ 

•  IIO"> 

»-•»— 

3Z 

OLULUU-ciOC 

•    z 

02 

-J0OZ 

LULU^O-* 

1 — -* 

<io«-'ac 

ac 

•-<—  II 

►1 

uu 

UXxu   »«-t 

I      (— 1 

-»CJ 

<IUJLJ 

•   • 

f-l 

ac  I 

uj  «a.  «_>•-•  »■ 

-■•— ii— i 

II  H-«-»UU 

H? 

az 

-LI—  »—  U.XCD 

»      K 

to»- 

Z.I—OOLJ  ■-(»-«  II   II 

1 

awa-* 

acac^ 

-»  +  OCQC 

II   < 

CO 

»- 

»    3 

ZOO 

ac 

t— 1 

ac 

l_l— '»- 

»—  •  ii  ii  ii  ii 

-5-^>~LU 

•-•CO 

3 

LU 

i    a 

LUZ 

o 

ac  ii 

II  II 1-^^- 

QCl_>       O 

X— « 

■  — !»■  ■"    X  J, 

z 

to 

2. 

•      u. 

21  LU 

z 

»— « 

II         »-*z^» 

C_J—  II  1— 

LU       L_l<lJ>e> 

L»L#03 

cr« 

1         UJ 

HI 

ac 

tO-J2._J 

II  21-  <iai 

II 

»      — ' 

«_)•-• 

uj  ac  u.  lj  *-•  lj  u- 

LLUC.LJ 

LUI/K/JUJ 

LJ 

1       CO 

a 

*-• 

t—UJt—  _iit»-» 

^•»-iej 

o»-,»-»z—> 

c_>-> 

UUUUUUUUUUOU       OLJ       LJCJOLJ 


uuuuuu 


231 


oooooooooooooooooooooooooooooooooooooooooooooooo 
u»cr»v'oooooooooO'^'HHpHHHHHHH(vjfvj(Ni(Nic\i(\(\i(\JNrgrir')n»ri('irii(,f;o)ri»(fi>r>j''4->r>T 

OQQDOQOCOQOOQODOOQDQLlOOOODQDQUODDQOOaQQUDOOQOOOD 

cc  ccaoc  or  cc  ex.  a.  cc  a.  cccc  qlcl  cc  cc  cccc  ac  cc  cc  cc  ot  cc  cccc.  eta:  cc  cc  a:  ac.ee  qcqcqcqc  cccc  era  ccttcccccca.ee 

aaao.arva.au.aaaaaau.aaaaQ.aaaaaaaaa  aaaaaaaQaaaaaaaa.au. 


OCC 


to 

Z 

•. 

Z5UJ 

» 

a 

a 

•4" 

i.CC 

in 

IU 

UJ 

H4 

Z 

H 

u 

•— • 

' 

> 

+ 

CO 

Z 

o 

>r 

tOL~ 

<no 

in 

»- 

-~ 

LU 

K 

i-* 

X 

r-^ 

<t 

PH 

2. 

CJ 

LU 

> 

+ 

•-•O 

<t 

—«. 

-JCC 

«— 

l-H 

i— « 

o>o 

CC 

«■» 

<Kl 

«-< 

CC 

«-» 

•• 

u. 

i-H 

t— • 

i— 1 

z 

UJ 

U»*- 

e>o 

1 

m  + 

2.CC 

-► 

o 

CJ 

— a. 

ZtM 

to 

!-<»-» 

OCJ 

iC 

** 

ox 

»-4    •• 

••x^ 

Zh 

^^ 

e> 

H- 

u. 

O       OUUJ 

Z(M 

u_ 

C«_J 

5-0 

_J 

LU 

<t 

o 

z    <i# 

HHc-l 

a 

ZHC 

-J-J 

o 

N-<r> 

fvj 

LUO-fr  — 

< 

lu  »-a 

on 

a. 

•»~3 

♦-< 

Z<h- 

KH     «</)>-4 

s:— 

z 

-oro  | 

a 

Q  1 

in    «-! 

r-4 

c 

_J 

01-0- 

»^CL  + 

LUO-4 

o 

**-*— 

z 

Z"* 

•■•.+■• 

•  ■f 

* 

<l 

• 

«-Htr>5< 

<   |  LL)i-« 

ttZ  I 

HI 

<t     — 

zc 

UJ— 

r— -^>oo<t 

.-»»■» 

►-< 

o 

►-..—  UJ 

1-1-      — 

UJCJ 

H- 

I .-« 

LUST 

-3^: 

00<l 

1- 

►-•-3 

1- 

«I    1 

COQ.  II  C? 

U.i-'Z 

<X 

c/><i** 

:>s: 

•>«•» 

—  •*</>  ii 

NtO 

w 

H-» 

•  II  cc 

HOC  II 

»-iX 

O  1  UJ 

1- 

^KUJ 

•-.o 

f— "LU 

-">*>«£ 

*-* 

(\IUUUI 

^o     »-» 

Z3t— 

II  UJ-^  II 

<ll-l 

_> 

JICO— ' 

cjo«-» 

||  Wuj 

l-H 

•—•w    — • 

-.    u> 

^3 

t— < 

— » 

a.     -*• 

t-t          r~* 

!-♦- 

a 

•— •« — 't/j 

^to3 

(M 

w        II  <<t   II 

II  II  II  z 

ll-<t  II 

3:  it  <r 

II     +  — 

tot/M? 

s: 

1   CO 

LUUJ  II 

QOZ 

UO      !-♦-      O 

HH 

H- 

cj     »- 

«-<          »-«f-« 

LU»-« 

i_i 

cr»-»< 

J-I 

in<»-« 

c 

w|_^toto<t»~e>— — >i~ 

• 

>«/>-> 

U>l-t/> 

Q._l»-i 

Z 

o 

fir—*** 

r—  t—  > 

^4**|- 

z 

i- 

<i"  " 

LU       ■>!-**£. 

S^" 

a*-< 

UL.lJt/J*-' 

— </#LjUJ'-»-»UJ 

I/)— »</> 

?«i>^ 

LJ^«-l— 

U-UJ 

LJU_U_ 

in 

CJU-O 

>-J 

«-«o^:c*uj»-»o~5Ctf»-.-o 

LLIUZ 

LUUJ 

CjUJU-Uj 

<-»"7 

(_)•"-•  HI 

z 

CJt-«0 

o 

232 


ooooooooooooooooooooooooocoooooooooooooooooooooo 
>r>r>r*r>rLnir\LnLr\Lninu>ir\u^invOvo^u^^vO»u\o^>or^r^r^ 

QUOOQODCCaOOOOQQQQOODQOQQODOQDOQODUQOQQQCOGQOOOO 

ccccccccccczct:c£:a.cccLcx.cccLaicc.ccix  u.ctcccLc£a  ccacx.aLOLcc& 

aaaaa-QQ.aoaaaaaaa.aaaQoaaaaQ.aaaaa.aa(i.aaaaaau.a.aaaaaQ. 


> 


<iuj 


2.  CO 

cc 

<_»z 

Ul 

»->-• 

to 

=?<-» 

♦-« 

<x  •• 

> 

«■» 

cc 

t-4 

o-« 

a 

Q 

1    • 

K 

o»- 

O 

a: 

z 

j—  <.«a.co 

<I 

a 

a 

co  ex  uu 

u. 

to 

2L 

lp 

l—CCt.3 

»— i 

2. 

1—4 

LU«-"«X_» 

h- 

.> 

LJ 

•» 

LOUJ  1  «l 

Z 

l"H 

<w> 

o 

— 

►  Q> 

<l 

a 

CO 

— » 

CO  «o 

H- 

a. 

m 

|-H 

•"■«•> 

to 

z 

c; 

o 

4 

•  uutx 

Z 

a 

u. 

00 

t— • 

CX-~|— O 

o 
o 

1— 

s: 

•— • 

X 

cc— 

Of 

x^    z 

a. 

u 

X 

<l 

X 

a— 

>■» 

LU  +  LL.^} 

Ct-« 

X 

<-> 

i- 

IX 

H- 

l/JrH 

to 

<oo 

U  1  •-* 

1X1 

t-4 

cc 

m 

•-•4. 

•CO 

H-t-     ou 

aim 

+ 

(-) 

a. 

I- 

> 

H-l 

ct 

t-t 

>»^^<c 

Zto_l 

cclu  •• 

— 

LU 

u-\ 

o 

o 

t- 

<3 

<_1 

— + 

»i«i 

■f  ^ 

uut-<<u_ 

<ia.r«> 

r-4 

cc 

CM 

o 

u 

»— • 

cx 

e> 

•-id 

UJm- 

i»*ZU 

ixicsrvj 

•♦• 

a 

*■ 

_i 

ex. 

_i 

— 1 

•  mnm* 

«_>' 

-*!-«—. 

ujoo 

ZLU    •» 

<t 

i— 

c? 

<i 

<l 

h- 

<: 

LUC?  CO 

jao+it 

c_>  »OZ 

H-.Q-T 

h- 

o 

sU 

i 

LL 

Ul 

a 

V.  |    ^ 

_J  1  V^w 

<t     KID 

_J       CO 

octo 

< 

•> 

a 

o 

cc 

(j 

2 

— —    #- 

< — 

— .«-»LU 

_iO'-««-« 

CO 

CD*-* 

UL 

o 

o 

00 

£X 

<l 

i-,r-<r-*r~- 

21— ^_l  1 

— » 

Q.  II  Q|—                • 

CC»-«— 

1 '   • 

z>>o 

*-* 

Z 

CC<M 

LU 

Z44-< 

to*^ 

4a— 

a: 

to—      <£      »-»a 

i_i     <r 

ooo 

z>< 

LU 

< 

o 

o  » 

X 

O 

UJ^Lid    « 

4SttX^ 

»— • 

M«N     •   1 

LL<lJ- 

<f 

CO— » 

fsi 

H- 

»~t 

LL.ro 

LU 

t—i 

I    i»irfCO 

CC*-" 

—     4 

»-» 

CJ»—         fHO.>  II 

l-oo 

LU  II    II 

ttLb> 

»-«>to 

1- 

CM 

_J 

~J 

•UJUJ.-4 

O-^CT  II  it 

CJ 

L021_J      «1 

h- </>»-• 

D 

< 

-)■<«-• 

«x»- 

H-    •« 

cx 

o 

•_* 

U.O 

— • 

1 

tu»-»a:<  ii  to— 

CO*-*  1 

CC  — — 

LL.  II  CO 

<CO'-' 

l-CL 

tor~ 

2. 

_> 

II    M    II  — 

w 

II  — <»#LU 

J-'-'O^'      z«-* 

tu  t  ^ 

«ll-4f-t 

<£ 

h^(LO 

_;■«> 

UJIM 

L_l 

LLl 

it             ►-« 

!-</> 

-*      Z3 

ii 

KUJU_f— .       + 

H-Z«aC 

UJ4  4 

J— - 

*  1 

1— 

t-t 

Q-IXI 

h- 

u 

mw^  | 

COCO- 

—  4  HZ 

•-•<I  II  z 

<ICC 

Z<i.< 

vxa 

•-•  II 

H 

Z-f- 

*■• 

0*^»-«^ 

IXKI.-I5C       »-> 

«-» 

Zh      <I 

ctz 

l-lh-*'- 

Oih-H-I 

z 

c 

LJCL 

Q 

•-"•♦  •*  — 

h->— 

4—— 1- 

c 

•—</>*ccc. 

z>- 

_ICOCO 

t—t/J— 

M^,^|- 

<-> 

"* 

l_ILLH-J»-«  »-«OLi.UJO       C*  LUZLU  »^  CJLU  LU"-'  »~IUJC3 


t_>       UUUUU  LJLJO       OO  OLJ  OO  «->L_>       LvO       LJLJ 


233 


oooooooooooooooooooooooooooooooooooooooooooooooo 

cn^ir^r^aicnQi^cMrn^ru^^r-TOcno^cMin^-Lnsoi^cocr'O 

cj^vcj^c^ct'ct'CPwOOOOOOw—o^^^^^^^^^^cmimcmcmcmcmcmcmc^ 

_l  _l  _|  ,-4 1-4  —I  H  CM  (  \i  C\J  CM  CM  C\J  CM  C\J  CM  CM  CM  FM  CM  CM  CM  C\J  CM  (\J  (Nl  f\l  f\J  CM  CM  CM  t\l  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

QQOQDQCDQQaDQUOOOOQODDCDCDQDCQDOQOGDQOODOOQQDCOO 

<JCJC^CJ1QC^CJ<^CJC^CJCJ>C£C^CJCJ'C^CJ'C^OCi^aQCJ>CJ>CJ>C^C^ 

CXfXCXOCCXCXCXCXCXCXCXCt^CXCXCXCXCCttttCXaiCXCXCXCXauQltt 

a, a. a. a. a. u. c  aaaaaaaaao.aaaaaaatiaaaaa.aaatiaaiia.aQ.aaaaaaaa 


z  z 


>■ 

CD  |~ 

o 

a»  o 

ixj  ex 

ca  -• 


<t  u.  a. 

Q.  O  U_  + 

OK 

K-      i-  Z  CL 

I-          O      +  O  ZX 

cl      i         ui— a.  *-cm  cuj 

ex  i          •  K-  I  i-t 

Q-  II  t—  II                  O-IIO  OZ  »—  II 

— •  _J<1  <I 

II  — II-*           <t  II  —  II  (_>(X  »— * 

f-H       ny>       UJ        t-4  U4^£(M  ^f-H 

— +  — +  CM      CX— +  —  CX       CM  Q.+ 

2ZZZ               ZZZ           II  IZ 

<.<i<r<;C        <i<i<£            O  o«* 

a.  ex  ex  ex  i—         cxulcx         zr-  ucx 

4&zzz           zzz        ■«.  ^ 

— —  w              —              (XLJ  —• 


X 

.-• 

o 

e'- 

3 

en 

>- 

S- 

CJ 

ex  •» 

co 

X 

z 

Cj-* 

UJ 

Uu 

LU 

coco 

Hi 

w 

z 

a 

•  -•      •• 

UJ 

Z 

_l 

1 

;>— i 

ex 

UJ 

•_ 

—1 

— 

H-.00 

CD 

CD 

o 

4 

.-4 

CJ 

UJ 

z 

ex 

o 

2:m 

1 

— 

U 

CJ 

ujcn 

(X 

to  en 

-3 

—I— 

:>co 

•> 

w 

-J -3 

LL 

1— 

ii  »• 

-J 

>-m 

Lb 

<*»- 

o 

«a 

oo 

«r«* 

Zro 

21  1 

Z-J 

CX 

— 

OC!* 

uicn 

UJ  •• 

•«J  — 

oo 

z 

UJ 

-^       — 

»<— 

ex  * 

z>o 

IX  "3 

CL 

o 

»- 

+    z 

OCOQ 

co 

euro 

z— 

QC    1 

f«i-H 

•— «^-t«— » 

cmh- — •< 

CJC^Z 

<icn 

CJ 

-LU 

O— 

t-  1 

1  +  » 

1   Z-*CX 

LL        UJ 

w 

•**;— • 

CD  + 

UL  — 

oz 

U<IZ 

lu_j  +  Z 

—-3 

LUGU 

_j|- 

LU  — 

~3 

_J<1 

CjT|—  <US\ 

•azw 

t-CC  — 

ocm 

Q 1 

OJ-7 

I-.W 

Ott 

cocxa. 

-*y<iuj 

COCLIU 

UJ 

CO  ID 

-5— 

COO 

UJ21CM 

l-wz* 

a.— 

U!LU»— 

j-— 

.-.(_) 

11  L> 

LU— • 

a:     <n 

Of 

II    II  ZV) 

Y-i-U, 

•—  CX 

CJI— 

-3 

t~tsi 

it 

<i  H  II  ll 

-CD 

1  1J 

1 

1    • 

It 

CXI 

o 

H 

l-»-<J>< 

ex<t 

COCO 

t/>crQQ- 

r*- 

< 

^.r- 

V)OCJV»_J,i£ 

— 

►  ■  !'■» 

i  ■  w 

rn-~ 

*— 

4. 

UJ  <£.  u-  LU  _J  II    II 

n 

ii  ii 

~3 

au 

ojujujul; 

u. 

Urn 

U_ 

CJ*— 

Uu 

i£Cy 

-5-31- 

t—  ^.U-CX 

»-«/i 

*t 

fiU-CJ 

UCJ> 

M 

rH 

|V| 

ni 

nTU'MJ 

CJCJ       CJCJ  CJCJ  «-»<_>  OCJ       CJCJ 


234 


oooooooooooooooooooooooooooooooooooooooooooooooo 

CM  CVJ  C\J  (V  J  C\i  CM  CM  (M  CM  CM  CM  CM  C\J  C\J  CM  CM  (\J  CM  CM  CVJ  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

OODOaDQDDOQOQUOOOOOUOOQQQClOCDODQCQOOOUOOODOQCQDQ 

(Xtttttttta.ttttttc^aacttatcxttttaicxacttuLttcccfcttQ^ 

crcx<xa.u.a.Q_a.cxcLa.(xc^cxu-QcxciCLCxcxixu-Q_Q^o-cx:rcL^ 


0> 

CO 

■4" 

-J- 

ex  - 

•• 

o>o 

co 

oo>i- 

>r 

t-CO*  Z 

OHX  UJ 

OCO—  uj 

CX--  <_> 

tu    z  <* 

_iuu<i— .  —i 

aj_j<x—  a- 

IDCUZ^                                                                    to  i/> 

i        oouuz                                             ox  —  a 

*-t        ex    ~cx                                                 a.  zd  <r     +  x 

+         uanz                                                       u  »      •  uj 

Z          U.O  +  — •                                                              XZ  i-i     i-i  _l 

•a           ilzo                     </>                         ujuj  oo    —  a. 

ex        \-     <i  +  — •                   H-                          -J  cat  ••    *  2. 

Z        zza«H                  lj                         cl_j  o-h    o  u 

_      w            UJtJZZ  +  UJ            O                                       3L_J  tOCD       «—  o 

-3      CJ           2m«<Z  «->           QL                                  U«I  i-i           v.  •-•  •• 

—  +  tut—  ool<l  z  uxio  a  >—  "-■  ex  a.  >o  — «-» 
cjt  —  o^  +  zcx  ujy>  x  corn  i  •-•—  —•  cj  l  »-««a-— «  — i— 
>v  z  <io-«z  e>m  tu  ex  •»  —  uo  +  u.  z>  t-J  a>  oo 
«•  «a  jazm"  ex.  •»  _i  oi—  m  o  uj  o  i  — •  »  »— z 
-5  c  q.uj«.  +  q  ojvO  o.  u_zrn  ZUJ  _jcu  uj  a.  z— •  -J— I*-  l  uj 
w  z  «/l  CX-— *  —  >CM  s:  Ltl  ••  CCO  _I~J  CD  tJ  <t—4  _J-5>T  —  -> 
>JJ  —  i-.OZZ-~*»  Z  *  OOh  ZZ*  H4-3  <'—•  ""3  CM  O  CX  +  •tf—  •>  — — 
*       UJ           DH*<ZO  C-O      <_)>t>J-                         CUJ<4-      I S-J      —  +       _J      Z-3      Z-J-*      CUJ 

«—      i             i—  ara:<X'—  ocm          •»  ••                   mu  <iuj     coo     O  h-              •>»»     u^ococxz  i 

—i               tix^zaw               tea-*                   h-<x— •  *j  +  clcm*  z     Q     ouj        a     -t-ujc 

+      ii         »— a.  i  «—  zcu  ex—     cx>rsS"                    <i—ih-  m»— <     ex  I  ■«■—  zj     _i     uj-f     cr.  i  — ■!—  ~3  + 

-?               <icjcmo"*»<i  ooo    uj  ••  »                  oo »  ju    o-**o  a    a    cu-*    o«za-»> 

w       —             _i<# '-'<-#^-  U.CX       iHICM                              l—«/)UJ  <IUJ       U-CJ— »UJ  ii       U_       ~3i-4       LLXXUJ- 

cj     i-i«t     iJ-***  I  t—         "J     h— ♦•*"             "T     u-i-<«_»  »-»aj  ~»t_;aj  uj      ii  «♦•         -«-cxuj«— ••* 

+  m    o^x^Q-cx  t-»-                  ►-    m    i-<cjh-  t--3    t-t/j^-j^ii     uj     -3-3    »-</)Z    t^m 

HZ          -J            i-»o  10  I       UJ— -»t-+               Q       I  *-•— •     coco>— ♦  CX          ^      V)CD  I    II  CD    • 

<C     <          oa-</>  uito      cXOQ-  I  a_c/?0     OV1C/J  ZO     uj<^-ujc!»—     X      fOO     uj<i-3     <c 

—  cxi—    o  »— -»    «.*»«*           1—     aL"-*—  »-*        »-«- •  z    1—     u>        i-^wi-w 

~3       Z  il    II    H 

V_»  U.U.X.U. 

LJl_)  •—  «-»UJ»-iU. 


00     c->o  CJOCJ     00     o<j 


235 


ooooocoooocooooooooooooooooooooooooooooooooooooo 
u>o^<\it^-4-u'Nvor-oooN0'-«tNri)>Tin>or-a3cr>0'-<osim«4-invor-a3cr>Oi--«  <\im.q-m^jp-cocrcj»Hcg<M>rmvo 
av(jNU%c^<J>u^cr>cr»tPu^QOOOOOOOQO^'HiMi^f^i^i^t-*^tH{\jr^ 
(NjoocNinjoj^fvrvjcsicsjcvjcncnPW^mc^rnrnpii^f^Pimrnmrim^ 

DCDDUQDOODQUQQDnQDQQOOtJOODCODQQODQOODOQOQODODQQO 
^Cj»C?CJC*CJ'<J^C^VJil^CiTCJQl^(J(J7Vj»^CJ^OOC?C?^UCJtJCaJ^WC/CJCJ'Q 

ccacocctcccfcctctctacctQcacctceaCttctccctQCccarttcr 

CX.C^CXaO.O.CLCUaa.aa.tXCLQ.aQ.aQ.aLLL(XCLCLaQ.Q-tiCLCLQ.O-QLCLQ.C^C^O.Q.CLCLCl-Q.CLCLQ.CLD. 


+•  o                           m 

•  CCm  —                  *• 

«-«  a  •»  —         •-* 

—  co«o  h-               00 

*  •-.>*■  +  est  •> 

jb  ;>  •  •  o^ 

*  »-«%0  -*  1/500 
O  «->*T  —  —*       — • 

I  •*  >— -5 

I-  _J—  CMCJ  !-•«-»— 

*  _j— .  in—  cj-^c? 

Z3  «3~«  •»>*                 — '">» 

O—  WJ  <-H       lT\t-l  JOK 

«■»«■»  —  i       ►+  <a  + 

•tt-O  OC_l  <M~7      ^-5  S  I      • 

— ■— '  co  *«—    m—  «/>— 1-« 

3W  LLQ-  #1X1            UJ                 — — ■ 

I  OU  I  --  I         -»*  CC-5* 

•>«i  t—  ojc    z—  o—:> 

*qt  oo*#  ii    »i—  ♦  </>op  ii 

O.l/)0  OH-      COO  Ui<t 

II  II  II    II  ~i  II          II    II                    -9 

(_j  u_  —       u_                        U-  — 


O 

Z 

Ul 

e> 

a. 

Ul 

;> 

z 

o 

<_> 

j- 

Ct 

LJ 

UJ»- 

oo 

Z«r 

<U- 

DCCO 

UJt— 

_JI- 

Lj-a 

t_CO 

-T 

UO 

-1 

cuu. 

l/> 

1/1 

»-*a 

t- 

H 

VI 

o 

C 

<IUJ 

o 

o 

in 

uitn 

DC 

DC 

in 

U-<1 

* 

<_> 

O 

a 

in 

j- 

UJ 

UJ 

— »              u^ 

l-Z 

l~ 

f- 

z                •• 

1   II   1 

-3. 

<l 

«T                  (M 

JS 

_J 

_1 

ac            m 

z 

3-«    r- 

3 

z        ^ 

ujoc 

o  I      in 

o 

—         •-» 

t->3 

_IZ 

Z 

f-l 

_i 

uj     . — »* — i  e — 

2»~ 

«     cr 

DC 

<3 

< 

i        •*»-« 

UJUJ 

<_>ac>m 

Q 

Q 

3 

M 

o 

>a.-4»-s 

Oct 

z<  » 

Z 

Z 

1- 

<X) 

+  *-j»-« 

a. 

ULt   |   OOCT 

LU        HI 

UJ 

UJ 

r~ 

UJ 

II  l-</)UJ_l 

ujoc 

o->ujm 

♦-«       +— — ■ 

•-« 

DC 

m 

U 

Q-CLQ    I 

>a 

z«a 

•J-*i-lit5t 

■* 

OU 

rft 

-^xan-t- 

zor. 

<tV)  ll-» 

H*  +  — 

<t 

<3. 

«-*uj»—     *£ 

UlCt 

(X^        <_> 

II  <141UJU 

1- 

1  1 

a. 

■»■         ii  ^ 

UllH 

a    —z 

•— •!—  < 

co 

*.ac— « 

CL 

Z  II  II      <_» 

-=l  ii  oruj 

mac  it  « 

HH 

ct»- 

-OC 

■o. 

*a.         I— *: 

O       II 

UJ       ,_.-i 

ajt-t^: 

U 

1— 1 

UJ 

uc»— l/^_»— 

z 

CfcLJl/)  — 

u\                *-.«• 

II 

z  i; 

1  — 

a. 

^.a-u_u.l 

a. 

^NM 

II  II  —}-> 

**  yvvuuu. 

uu 

U-I~"U_ 

u.               WW 

u. 

IX.  U- 

v-»UJ  »—•—•-« 

»-» 

>— -Uul*— • 

u-)xuj(J 

H* 

-"-• 

U^VJ 


uoo     oo 


236 


OOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

r^«jc^oi-«cMro^u\voi^cocj*o«^c\jpi<-u^\ur~coo^o^c\jp-,»rLa 

mrno>>r>r>r>r>r>3"sr  ^  »r  ^in  in  inu>in  in  u^inu>in>o>o<)>o*uvO*ovo>o>or^i^f^(^r^r-r^r^f^r^  cocoas  coco 

ro<^c^<^rn(*>rn(«ipwoic^o>o>rnrno»c^nitv»fooirooim 

QOOaOQOOQDODDQDQOOOOQaDDQODDQOaoODDODQQOOCDODOOC 

CC  CC  CC  0(1  K  ai  CC  CX  CC  CC  a  CX  CC  CXCCCC  a  LXCCCCttCCttCCCXCXQL  a 

aaaQ.aQaaaanaaaaaaaaaQ.aQ.aaaaaQaaa.aaaac.a.aaaQaaaaQ.a 


O  LU 

o  •-♦ 
cc 

•> 

a.  to 

lj  a 

CC  U' 

u.                                                                                                             CC  I- 

CJ  —                                    C_) 

QC                                                                                                                             I-  CM                                       LU 

l_j                                            cc                                            o  +                            > 

i-                                     a                                     <  -• 


u. 

I—  Ui  — 

o  -<c         ^« 

o 

kj  cm 

LL.  — -  CO  o«~  CO 

m    h-    ceo  K  luo  •>    o 

>o    **    «-«o-            •»      •       •— •              »-4CL                  o  r~— 

;z 

cc  I             m            <a«        r*»                                 <tcl-*      i           ••    o  cccmw 

ii  _i        »__i     — — i .so     >»    i—  i  w*        noii         >•     *—        »—  I  f«    C3        coco  »-«r-_j 

I           ••♦     *a«»  *    _i     MO+           *                «j     *         too+                r-     •-•  •»    o 

_i— cc        p-icc     I— t-*n     a.     »-«    »-*        <o     —        a.     t-         <—     .—      u                 ex.  «-•— *a. 

CJUJ             ^).-«l-'l-l        ||  HH       COl/JMJ       1-4        ||    II  w       Cr^OJ<lU>       «Ht               ii    n  »••            lu       —       «*.  »— - -~ 

C_>+                 "J           •-•»-•           I—      •-«      — I      *>■— ■      h-O      I—      Q-CL      t-*      _J      <-»_J      CC      O.  »-*>-«tO 

II    II             -JCC  II    II              II     »*»»«——»      -J            -»0                   II  CO            _i  II  fr  +            — »0      CCZ       OJ       2.    •  --03 

<C^h               y%      OOLUt—      ZJ      >fi-iQ.      CC      >-<0     Z2      O.U.      OOi-iQ.      i-m      i-*     lvO  i/NO<l 

«m*        u«»uu)     >u«i             «-»     -e.     >ow         e-t—  0—1—     jb.0             <;*-•         •— l—     •*     o  r— • 

>—— •               -J^uj          1—  ti   11   11                         _<  11                uj_i               lu  11   11           _i  11       —><r-                     11  11 

**'—                     UCUJ        (_jl/>                     U.                      <_J<_I               (_)(_' tLH_' «_l               CJ                      L-IL-I               >—  >_»        "->-  UU- 

cjlu             u.i-»~5     (_h-*i_ju.»—  t-4             «_>u-i_j     UJty^u-O         — »_ju-     uau     txu     •-•         u.  o»-*o 

cm                                                                  ni     «r         tn«<*                 r—                     <aj         \j'                  cj  •— • 


<~»     *_>c_>     c_> 


0 

O 

l-« 

a. 

K 

* 

<l 

Z3 

CC 

+ 

O 

«■» 

«l 

i-l 

0 

3 

+ 

LU 

CJ 

1-* 

CO 

Q«~ 

-} 

X 

LUO 

0 

• 

1—4 

K-40. 

-» 

0 

.5 

••* 

o_ 

r- 

<a-» 

1 

sU 

II 

> 

i— 

1-    1   r-l 

O 

•» 

-J 

# 

LOO  + 

^o 

« 

o_ 

K 

•— •       ^-* 

II 

237 


OOOOOOOOOOOOCOOOOOOOOOOOOQO 

cr\  vO  r-  uu  <j"  o  ph  c\j  n  ><r  ir»  vu  r*-  co  tr  o  »h  i  \j  r<  i  >r  in  >o  r»  oo  o  o  •-« 
coco  ao  oo  oo  cr>  cr  o^  tr>  en  o»  cr>  tr>  cr«  (POOOOOOOOO  o  «-•«-« 

OODDOOOOQOOQQDODOQQCQDOOOOD 

a.cLCC.cc.oc.cLccccxx.cLOLa.vccLcccc.cca.cca.cLcc.cc.a.Qca.a. 

aaaaaaaaaaaaaaaaaaaaaaaauaa 


to 

p- 

-co 

z 

i-« 

OJ 

o 

oc 

-J 

»-• 

CJ 

p- 

ty 

UJ 

<_> 

__» 

UJ 

<l 

<i 

OC 

ex. 

1 

O 

u_ 

u 

UJ 

J 

0» 

Q 

CO 

UJ 

U. 

o 

-J 

O 

z 

CO 

m 

-1 

oc 

UJ 

•-• 

O 

UJ 

CO 

<•« 

a. 

X 

<: 

o 

H- 

u 

-V 

a. 

—» 

o 

u. 

z 

«"» 

u_ 

I-* 

»-« 

l-» 

<o 

w 

r- 

z 

z 

z 

om 

•> 

oc 

or 

OC 

I  r- 

o 

COO 

o 

o 

•^  •• 

h- 

Zp- 

r- 

P- 

i-<in 

« 

Q1ULI 

UJ 

UJ 

«-r- 

r- 

OQC 

OC 

a 

-J  * 

r» 

• 

P- 

U*r 

Q-<3 

LUCI 

oc 

oc 

O.I— 

-■• 

ceo 

o 

o 

«* 

_i 

H    II 

cc 

a.     < 

a: 

n»— '—     uj  CJ«-*  ccct                  oc     p-o     oc      >o 

i*-(/)U     ZD  r-  I  — •-*  OUJtvj              uisfu;>0     cumin 

oo  I      z  I      i-«^z  tc        a*:           •-« 

lj<icvo»-i  an+  +  a  a,      n      oc         »      a         no 

p-     ■»     p-  <—     act__>  lu          ii  o              up-             p- 

II        II  4.  ix."-"*-**—               tx      h-           a.                   cc      i 

CJ        CL-         CJ  U_vi-— *■"»  U-l                       LUU.UJ 

OCJ»-«U.CJ  i-it-»Cj>UJIA.                   t-«»-«lX. 


238 


OOOOOOOOOOOCOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOO 

»H)<\jm,rLn>or-cca^o>^c\if^^invjjr^coc^Q^c\ini>xinvor-co 

,_<— .,_i,_i,--t.-i— «.-i  r-f  »-tc\j  cvj  c\i<\ic\i  (Nit  vjiMixi  c\io  i  o  Kn  oi  a  to  i  o  in  >  n  im  <r^sr^Nrvr<r-r-r 


rnrnnirrirtifrirt)(T^i7irri(T-ini(XT>T")f''rrirr]rTirpfTifT-icr-ifTirpnirfi(T'.  mnirprrirprpnirnmt7i(Tinirr)rornrprrinimrnrii 

ex  ex  a  a.  ac  ex  ac  at.  ac  cc  cc  a.  a.  cc  or.  a  cc  cx  cc  oc  cc  cc  cc  cc  ac  cc  cc  cc  cc  a.  cc  cc  oc  cc  ccccgcclcccccccccccccccccccl 

aao.aaaaaaaaaaaQ.o.aaaaaaao.aaaao.aaaaQ.aaaaQ.Q.aaaaQQ.Q.a 


00*-0 

h-ac;s»-« 


xco 

U*t- 


OO 

UM 


o 

— i 
<_J 

LU< 

(XLU 

-J 
JI 


<x 

O 

UJ 

*H 

O 

zz 

cx 

CO    •»— 

UJ3S.UJ 

•2.U1 

UJ 

UJHH 

UJ 

«£ 

to            t/JCO^. 

IUUj 

COOUJ 

H- 

uvj_ 

UJ 

jCO      Ul»-_l 

haa 

i-2qc 

<. 

a  H- 

UJ 

.> 

0|-    ►_ii-<^ 

U.I-1 

•0>tu 

_J 

UJH4 

cx 

•-* 

_j     >     oo 

a.     .> 

coo— >(-) 

—> 

J»3E 

UJ 

o 

UJU-UJO  </(t-«_J 

DUt-t 

HCtua 

O 

CO 

Z 

l>J 

i— cxr>*t<iuj<i 

UJO 

O     a-O 

_J 

j: 

a«c: 

u_ 

LUOCXJ-       O 

cooc 

•OUJ 

< 

O 

uo 

• 

a 

UJ>       3       1- 

»-oiuj 

.-JCXXLULU 

O 

-J 

UJ 

3octua:zu. 

2ua 

O       f-XCX 

_i 

oci- 

• 

2 

C_)       O0O*»0 

LUOK 

U-LU       H-<1 

u_ 

O 

O-C 

1— 1 

o 

or     <.y—  o 

HO 

XLU 

U 

•u. 

OfN* 

•— 1 

OU'2      OH*>- 

O     co 

oh-oluco 

•H 

a.*— 

»■ 

H- 

LU       0>-UIU-0 

i-«iUK 

2            Oh- 

ex 

1  co 

ex 

UJ 

«a 

COCOH-tOf  >»-l<l 

u_c2 

<lLLCO       Z 

LUO<X 

coo 

f- 

inJ 

COOfKCJ      2CX 

U_<IUJ 

ci-louj 

•  OJ»-< 

CJ{- 

<I 

M-t 

•«o<j-»-e?z> 

LU        »-. 

«     a.?— •-«' 

-a. 

UJ 

UCO 

cx 

-J 

O.  V  ;fviO  2  H-iUJ 

ocoo 

uwi-iO'T^otu 

o«a; 

UJ 

«a 

>>«-it-i«q;ujcoo 

ot-»- 

tl  1—  U.U--I-" 

«£r-»_> 

OU- 

•vc. 

JL. 

dJ^au-'-      «3. 

2U. 

ex.      »-»U_:£ 

O 

UJ     colli 

ac 

►-C'COOl- 

LUUJU. 

xjxunaujju 

ctuau 

UJ 

COCj»—  i-hh-hjoC 

i>-*UJ 

oe  u.  uj  ►-«  uj  <j.  x  <i 

»— U    UJ 

2 

hh       UI-U.UJQ 

(-UO 

•ex     jiLOXt-Dct 

CD  »-*-<-> 

0<1<U-CX0 

►-or    -jclu.  olu    ouj 

LU<XCO 

2 

UJCXU.  COUJ  oca. 

ou.    ex:  «-<r2:ui     ocoluh- 

C?CX 

CO 

t-4 

2UJ      ZOO 

zu-zmou!ao  • 

2 

ill 

aozw 

WN030UU) 

H-u-ioti—     ctuuwujMU)2: 

<o 

3 

•+-    »-«            _J 

ZOZ) 

CO             »-uj>* 

-«<i 

liljwj 

a  -j  3  uj  h-  >•  uj  uj  <i 

<l_l 


CD 

cx 
a. 

uj  gj 

2  -JO 
»-  <2 
h-  UJO>- 

3  CO      —I 

o  uau 
ot  a-j-ci. 
co     ac 


uj<x 


»-«UJ^OCXU_U-U.|_1t/?UL        CX    »<CVJ|-  «*    fc— KlO^^l-JUJUJUJ 

<i     iuaaociuu,-'Ma<iccw     <t»-«»—  u»h-icx«-'Cxuji—  cx-> 
I—  •cxuJh-  oc     o»-«u.oi— uJoc2-^ccxa.cucoujH.<ixuj 

2—i     MUJcxexoc      XUi         cX33I(JJO<UJO-'co<UJ_i»— cx   • 
o<zzuJOoaoon>-aa:coi-zi->zv)UJ3_i3        co 
UJ*-tOC_'>l-H-H-uj»-n/)_JOLUcxco»-»>-coc'>     uoaoz^H 
co    2:     2    uuut-i    -Jot    co        _j*:     -jluo     >;-j<t»-<o 

CXoCO    •      LULULUUJ<      liKlOCODhOOOcCCIDZO^IIO 

at02xt-o>j»>_ior3ZLLi2co<ma  ooah-^MOuh-ha 

K»->Oco  OI-_jcx 

UJU-lM<l2Ht-t-0      <IU«—  III  I  I 

iOJOIJOZZZJ?>ZZ 

<l>0_  l-«<I«<l<I.O  <  t-3 

ex         aLUt/)i-»-»-o_J»-  «l-0^-i         cm  en  I 

<t*-2t-X2_l-J_l  3tO_l  II    II  II  ||  II 

O.Z3UJ      h-UJ-J^— >X2:CXJ-^JCXCX  OC  CX  oc 

clz>jz     2:cocovji—  u."»—  ocoujuj         uj  uj  uj 

U-2fHO>»-<UJIOU."—Or Z3C3LU*-**-*  |-i  t-i  |^ 

0»-»o_jcdocx  of  cx  3u_oexae: 


cx 
oo 

CO 


I  I 


_J 
uauo 
>-«cxcxa. 


U.  UJIUO. 

DHUN 

2*-" 

— O.UJCX 

•-     od- 
or -UJU 

a  —<  >< 

— zu. 

200 
hi  at  oo 

ujkectr- 

UJt-U(J 
OL       OCX 

(JV)U.U 

COCXi>03    • 

<uj'Jeo 
LL.Q.I-  u. 
OC       ■dLUO' 

<xoz.o_ 
asi-io 

bO_JO(/>UJ 

i-a2     z 
oz»--»-»-. 

DO      <I»~ 

CCUH       22 

II  coo 

LUOOCOlCX 
X2LUUJCD 
j_  _>-.!-;_> 
O  (/JCO 
U.2UJ 
OCOZ'' 

a.<rucD 

V)COCO»-« 
I— LUCOH-O 

oc  ac lu<lu 
xrexzocs: 

0.0      LUOf 

ocxt-C 
_j  o»-iu- 
<rocx     cx 

LU20COUJ 
QC4UJU^a. 
CO 

it—    — 

U.l-4        (M 


UUUUUUUUUOUOUUU'UUUJUUUUUUUOUU'UUUUUUUUUUUUUUUUUUUU 


239 


ooooooooooooooouoooooooooooooooooooooooooooooooo 

u^O^cvjoi^TLn^r-ajtro— «<^oi>ru^r-ajcr©<— c\jiMsru^vor^cb 

«r  in  in  in  m  in  in  in  in  in  in  >o  o  o  >u  xj  >u  o  >u  vo  o  r-  r»  r»  r-  Is-  r-  r»  r-  r-  r—  to  co  cb  ao  ou  co  oo  aococoo^cr>cr>crcr>crcr> 

z:  z.  2: 2: 2: 2:  z:  z  2:  2.  z. 2:  z  2: 2: 2: 2: 2: 2:  z:  3:  z:  2: 2: 2:  2:  2: 2: 2: 5:  z  z  z:  z  2: 2:  z  2. 2:  z  z  a.  z  2.  z  2:  z  2: 

a.'  cu  co  tu  CQ  cd  ou  co  cu  oj  cd  cu  cd  cd  ao  od  CD  cu  co  oj  cu  co  cu  cd  ai  qj  cq  cu  oj  cu  oj  co  co  cu  cu  cucucQCDCooDtucoaucucDCuaj 

aixoraof.aa.iiu.Qco:(Xa(raaaiiCr-a;aa  a  ace  ex  or  or  ccacr  cc  ace  ccaaa  a  aa  or  a:  or  at  enact 

aacLQ.Qaa.aQaaaaaaaQ.aaQ.anaaaQ.aaaaaaaaaaaaQaaaa.aaQ.aa 


02 

to      K 

-J 

auj 

to 

• 

OL 

Lui-H>2r 

«a 

LU2> 

CCI— 

0 

ll 

LJ 

.>       _JLLI 

•— • 

OJ»-l 

CJ«l 

LU 

O 

LU 

a. 

<icc_j»-« 

2. 

O 

to 

to 

LU 

or 

X«-"<lO 

0 

<* 

»-•>- 

to 

cc 

cc 

UJ 

2.*-* 

2 

tO 

•>o 

«l 

LU 

X 

CJLOtOCCLL 

>■ 

u.t-»z 

H-I<1 

a. 

UJCO 

t- 

LU 

LUH-I— t-IUL 

_j 

<_>       LU 

oa. 

>- 

J- Z: 

<_>JL 

HUO^UJ 

t_» 

Oi-> 

3 

cu 

t-^ 

Zl-.|- 

<iuo-*o 

a 

ujOh 

00 

z 

<H- 

-JCCCC      0 

</><ro 

ecu 

to 

ll 

X<1  ► 

ZD          -J 

< 

LU«J. 


U-lU-vlUJ 


<a<i     *.»- 
t-»     ceo 

LLLL^LL 

a»-.co>-o 
2     z_j 

«1>-_3L_'CX 

-JZao 

4C4C         a. 

luolulucc 
>      XXLU 


OLU  LU— • 

2TLLILL>»-* 

ZCC  LOO»-  + 

Luc«a     l-cr. 


CJ.J      1—  CXP- 

L-M/JU.  rsj                       •        <1              C-4V_- 

LUO  >•      Zt0t/»0    «t/><l«l. 

22.  LUCC>-C_>l-t-»— tOOCC 

»-.     2  ->ooji-«o*co<-»lu  «-*;_> 

OfO  •—•-      H-OLU<I»-«_J      O 

<\JO»-«  tOOO<lCC»—       11       —lt_> 

II  CCH-  tO<lLU_J      t_>UJ"-3tO_l^. 

cecc<i  LutL.a_^>r_j^ia.     <i<i 

Lutu"**!  t-n/jiHw/uju-i—  .^a.     >• 

»-t    •-•  o'-'O-il—  ll.     _i     xcc 

ijj_i  ;_3i--Li_<i.<iLuto  — cce>i_j 

UJ2.^l       tO<lCC<-J_IOi— <LLJOI— 
OtJZ  tOUJ      DO      Zf-OO 

<rtocc    toZQ-uJtJ     -3cci_>x< 

Ut      C?      LU_3      tO_ILU      oiut— u. 
tOLUZ      I-      2<t<tXLU2>      to 

lux        <>aouKa«»    to**     uillou.!<i»-» 

21-2  O— II-*  LU      i-l-»—      JSCC      UU_I— 

•— •  i-iujt-,/'aujj.u^»-'<l    »*--uj«/)Lr.Lua. 

ex.  •  (Ji—  «x»—  ocxjc     Lue>to^iuja,t—c;txcx 

U_JjC  2LUP>li      <i      ct«-i»-»      tutu      xlu 

CC<0  M-Jt-*(~CC        »OUQQ>      tOKQ-J2 

a>-_ 1        o-cc    lu«—_j»-»-«    lumzh        <i"-» 

LUZ.LL.      m£CZCQQ:<UU-HiOO      2— >X 
OCC        IIC-'H-*-'  2.  •—•—LULL  2  0       tOCCH-i<i»— a 

oozlu    ocou    o  1  s:>ui<ixto»-«c    dxijj 

IU>>      LU      «Z   «Z-)Q      OOtO«-»CCH-   •»— <Q 

a_ia    »-«c£llco    »zzuh        <uQoza 
h-O  LJ     lllu_j>-»-i     u_  </;<-<  a.  LUtiK     o 

tOQ.2      LU       UUIQJ       QMZ   I   Z->»-       LUO 
LU       «       OtOt-HQ-l—  CLCJtOUJZO  II  CJ       <ILUXLU 

aoi—       .<2f-  ••o.t— t-ty»-i  ceo  h-— iXJ-oc 

2U-_ ltOI_»<iLUtO   •      2<»-«l--UJ      2-JH- 
Z<.0<ito-Ja_20   •OLU_jto<i»-»^LUo       «to 

OH-      »«HLUU.CJ«-«Of.    •2»-«D      M       <H-tJO-"M 
»-«tOLUZZ:cC<l-0   »wUUI-wtUZU<W>-l 
»-2tOO      LU3ZDO^Zi-'-iOcCO»-<»-«0        I  CC 
O  O  <I  2  CC>  OO  Lb— h-.Li_<LUa<  LULL       JOO 
<OO>-00       CCCC^<LLOCC>-tO       LL2<T*-t- 

-jcc     >co     _iz:iu    ccotoujLuujo  11  o 

OCC2OCCQC.230£.CLUC'J-C<LUXatUOCCLU 
Z  O  *-•  O.  LU  O  <I  LO  —>  O.  CC  O  —>  O  LL  2.  »—  LJ  CO  LU  •-•  > 


2 

00  • 

LU»-«2 

or-H-o 
_>r>i»- 

o»-«i 

aiaa 

LCOLU 

toot— 
z:< 

<1LL3 
CC  C 
WUH 
l_)»—tO 

act—  ct 
a<ri-« 
cotc<. 

Z50CQ 

to<f. 
D>- 

ZUCD 

o 


o 

2 
Oco 

LLLL 
CJ 

ua 

2 


to»-« 

LU»- 
23 

l-CC 

r>co 

OJ 

u-tO 
CU 


O     Occ         1 

LLH-H-«-lLU  O 

Ot/)tOt-»—  llj: 

CCOKILL.  Uh- 
tO«-»»-«CC<l 

^C<U_LJ        tO  ^O 

<co    <.  •*->    oz 

LU      LUZDLU  ♦—■<!.    • 

Z.>--L.L#<2Ct       I-       O 

CUh-  LJO  O.LUtU 
*•  OH-       D-C»"* 

CQOCXUJe-O       -JO   I 

LUUt-XLU  •<.  O 
QZ.LL-I  LU>LU>  H-IH 
LUCC  JZ  ZUJtt:«-« 
K-OtO^J      »-0      <l    • 

<tLL.tooLuz     aiaa 

_JLUD<l|--»-itLt— 

UQ.UU      LvJ>      to   •»  ■"« 

_j  cci-«»-t  *_i—  >r 

<2_JXOLLO2<0>  — 

00<OLLLt      0«-LO  — .           O 

►—•—<!      LULUtOZ"^  CC 

LU|—  l-LUlrtO-LZOH  LU              ► 

CC<I«-»       LOOI-«-2«-»  ►-            — 

<IINI2CCLU            >C>-  ••            •-• 

WMUJjaiXJJH  (JC.             •* 

-JtX       XOXI-mC    •  »—           —» 

<fi_Jt/if—     H-«-«3:o._j  * 

»-f-<:cc-)     ^        o  -J 

Z.O     D<tO        «o>  o 

Cj<QU.mhDXUJ  O- 

iCU-LU      HCUJ      z  •*  » 

>      tOO«-»OCC    «C^  O 

JUDZZcf<T-<M  QC 

O*-      <•-•      Q.      t_H-  •• 

Q.I— to          jzojm<  cx 

<ii—  ovucaias;  CC 

LUCC      CC<I<lOt02LU  » 

XOCMO                   OX  o 

h<l*hUU.U   *OH-  *-* 

3*OUI02UJ  I  O.  » 

LLL#X«ItO      <UJX  O 

O           LL32      2-<  — 

ui  •        nauj»-tu 

tO>ZOtO»-'LUcC      X  Z" 

|_t-HO*— *-*H-H-tULLO  CO 

QcO»-«»—       <<ILLOt/)  CC 

OC0K<lCC|--JLL>      »-■  u. 
CCLU<T.CC03^)a  V;  CC 

occcjh-q-o     olu     lu 
Oluolu«o2-jccccz:     2 

O-L— >t—  -J^LJ^OLUXJ       »-• 

a.|—  lo»-4ljllljolli»m.^     j— 

LU  O  <C 

3L  (X  LU 

CU  .2- 


O       •- 

Q.      O 


o    o 

CC 

o 

••      CC 

—      LU 
1-4       ivi 


2  I 
2      OLU      -* 
LJ  -Of 

1—       J—  »HU>0 

to     to  «-« 

4C       LU  II    tl 


VJ. 


UUUUUUUUUUUUUUUUUUUUUUUUOt-'UUULJUUUUUUUUU      o*-»      LJO 


240 


oooooooooooooocooooooooooooooooooooooooooooooooo 

n  iq  i  rp  n  im  tP  CD  O '  m  a  im  cum  rn  CLirnrnn  i  mm  ajm  a.)  gimmrnrtimriirnajfrifriajirigjrnrnfTimainirnajrrjfnai 

a^a:a:(XC£cxoi<xc£CKac:a.a.tta£Ciac:cta:acacxa.tt-crottt 

Q.aaaaaaaau.cLaaa.aaa(iaaaaaaaaQ.ciaaDQ!iauaQaaaaaaaaaaa 


a. 

C.3 

•x  UJ 

Z  -C 

— .  u 


(X 

•— • 

a 

z 

Z 

o 

—1 

Q 

H"« 

i-+ 

Z 

H 

2: 

<l 

(X 

O 

z 

</> 

UJ 

> 

t- 

t— 

—1 

o 

•-« 

!_) 

a 

a. 

-^ 

CM 

ac 

2 

^1- 

1- 

•H 

•»fO 

a 

<-H 

t/> 

« 

~4 

r\j 

CM    ► 

o 

vO                                        -co 

i- 

•> 

UJ 

CO 

O 

O 

>fr-« 

ex 

►                                        z  •« 

</> 

o 

CX 

1-4 

+ 

+ 

UJ 

m                                <-»*»od 

<x 

r-4 

•> 

—CM 

<T 

<\im 

rsi 

l*»    ••                                                        ''Vl-*          •■ 

1—4 

•» 

U.       4    • 

ro 

ar 

-*<_# 

«r 

a:  »o          •                      — »«—_jcm 

<x 

(T» 

c     1  0 

1— 1 

H- 1 

+  * 

II 

«* 

a. 

t-«*T        •   »o                            HUU-«T 

cu 

m 

«-» 

•• 

»-*^l 

» i»i  — 

3 

—» 

►  •— oo                          »■»     a. 

111-*  11   11  -1 

*• 

CM 

■•* 

— » 

i  "lit 

a. 

r*»»«-»               ||                                       (J  D  UJ^lb 

r~ 

— 

UJ^                I 

t— • 

II 

-1  II 

•"-• 

at  I  *■* 

xco 

»-4 

II        »-•  ||    |l        »-!00       »-«       — •             >I"JJ 

a.  • 

•<M 

lX_l CX 

•  1 

•-•CMO 

+ 

►-ct  — 

CX     oc 

•»- 

i——'-'          —  1                     +  II  — 'G  1  z 

■Q.OO  1 

OOHI-H 

OCX 

<_»Q.— 

CX 

#-«o 

l_J  tl  •— i 

OU 

JU-«-T)Oi-i  II  O")      ~i      ^.*~* 

t- 

-3 

uj  a.  (/)</) 

•— 1 

CM 

I—* 

»-H 

It  ■—■«■■» 

Jt 

tQwpv'NI*' •**       |—                           «'^t^J^«*t— 

WJ  || 

II  —• 

UJ     »-••-•  11 

II*-" 

r- 1 

11  n  '— 

** 

a.  it 

II  II 

——'—J  II          II  I—  It    II  •"•—!_»       ^. 

11  w 

— < 

-J 

U.U.U. 

UJ 

(_/  u_  u_  u_  v_<  (_>     u/     vi          »•»»_>  *iu_»_j 

^H 

IMU- 

LL.WU.CMU_ 

l_J»-l«Mw 

1— 1 

•—•—•♦-« 

i-*-J 

_J<1 

(_)►-••— i  IX  tXU.  ~?Vir_»»-i-V7<—<«J-W-«<»»» 

<_#«_*»-" 

<iCL.CX  Hi  <_#*-* 

l_H_0VJ»>-^ 

a 

241 


OOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOCOOOOOOOCO 

u^>ur^cua*©i^c\MT)<-invUi^coo^OHnJo^in>o^<jjo^Oi^™n^ 

>r  »r  -T  >r  >r  in  in  in  in  in  in  in  in  u  \  in  vo  o  >u  o  o  o  >o  »©  >o  <i  r-  r-  r»  r»  r-  p-  r-  r-  r-  r»  oo  od  ao  oo  co  ao  co  co  00  coLTcrcr1 

ajaja3ajajcuajajaj(X)aja-'aja3(XjajajajajaDajajcuajcLia3ccajajajm 
aaaaaaQaaQ.aaaaaaQaaoQa.aaaaaao.aaaaaaaaLLQ.u.aaaaaaaa 

_i  a.  ex 

u  UJ  UJ 

u.  |-  »- 

O  Z  <.  < 

^  a  u.  u. 

h-  vj  UJ 

UJ  <l  >—  — 

INI  I-  I- 

co  »-»  <t  < 

IX.  CL  cl  a. 

I- 
UJ 

LU 

> 
ai 

z    u 


IU 

ex 

C! 

LU 

O 

H- 

<l 

u_ 

til 

U 

K 

UV 

Z 

a 

CO 

CO 

HH 

»— • 

CX 

-1 

< 

<t 

0. 

M 

2; 

2. 

0 

O 

u 

Z 

> 

0 

_l 

1- 

a 

Q. 

X 

»- 

0 

to 

z 

LU 

<t 

ex 

ex 

CD 

LU       O 

O       *-> 

••  e\i 

-5     coco  •> 

•.fOr-lfMO 

o  ««r—- «  » 

CO  ••  *CO«U    ••  HCsl 

t—       LU        —•       i-IC\JCO>*)»-*'^tT»  0(J 

»T  LU         ft         (_0VJ»U_»-«  ^»-<       UHM       U)t    I 

mco     a.     _j  <-»     -~-»_Cj^1_ic?^Hr-i  •  • 

i-«      O  II    tl  Q-  —  ^CM        |    ♦         I    ♦       '"••H 

ax    uj    c\j«-h  »-hj»c?o    zo    zo 

l-H-       tJ       IM      — — _!«-»<—%-.!_  H        1—  11        ,_  ||    || 
II  «-u\J_i  ||  11 

CJ  L_»       —  «-»•«<  u_u_u_l_Jt— 1       l_J»>4       U'-'IM 


0 

L_l 

l_) 

t- 

«* 

<1 

0 

O 

r> 

<l 

(J 

u> 

LL 

>- 

>• 

LU 

CU 

cu 

UJ 

Z 
UJ 

-J 

l/J 

CO 

►^ 

<t 

H 

*- 

h- 

►-1 

O 

_J 

«a. 

2. 

LJ 

=3 

rsi 

UJ 

CX 

CO 

»— 1 

z 

UJ 

ex 

> 

a 

a 

0 

1- 

-J 

UJ 

UJ 

> 

0 

a. 

<a 

at 

<i 

—1 

a 

LU 

u 

_j 

1- 

UJ 

0 

u; 

u 

rvl 

_i 

<t 

1— • 

l-H 

< 

LU 

K- 

CX 

O 

CO 

<l 

u 

t— 1 

(X 

1- 

X 

t- 

O 

0 

Y- 

< 

< 

< 

— 1 

CO 

3 

LU 

X. 

z 

Cj» 

•=J 

LU 

LU 

D 

-» 

_J 

0 

a 

•— • 

*-i 

H 

CO 

z 

0 

—J 

LU 

\- 

*-• 

a 

in 

z 

3 

_J 

t^ 

cu 

(NJ 

> 

a 

35 

M 

+ 

•> 

_j 

CO 

> 

< 

vD 

a 

t- 

LU 

1-4 

* 

C\J 

a. 

►— < 

cx 

O 

<M 

•> 

X 

Cjl 

»u 

> 

cu 

a. 

5T 

1  CU 

ojaj<i 

—j 

-5 

Z3 

~m-~ 

CC 

CD 

a. 

ex. 

1 

«-H>J 

UJ 

■»   II 

—  11  11 

•—1 

CJOl 

•  or 

•*.'* 

U- 

f-4 

HCM 

f~ 

IX 

•— 1 

z 

CX 

C3CJ> 

cx   •  < 

•     0— . 

1     1  ■*■>■" 

— 1 

ex  11 

ex 

0  II 

UJOO-5    1    H<I 

*-»i—<\Jr-< 

ZJ 

UJ 

11  — > 

JE 

II    II 

a. 

<«■» 

■■»'— i«i^ 

■i. 

a. 

t— 

CX 

11  11 

1   II  II  -J  II   II 

II        — i_l 

IU. 

LU 

UJ  HIM 

C_l 

U_|_'LJ 

'— 

a. 

»--iCJiv_» 

cu  <n-»  j_  a.  uj  «». 

•-»»-«  U.U. 

Ml 

i«r 

u\ 

MJ 

IM(M 

»M 

IVJ 

242 


oooooooooooooooooooooooooooooooooooooooooooooooo 

(t^>rir\>or^wu>o»Hc\jo^vrir\vor~«(?>©!^i\jm>fir\sor^<wu>o»^c\i(nvr 

u^o^c^u^u^u'OOQOOOOOQO^^^^^^^^^^cmcmcmcmcmcmcmcsicm™ 

_i  **  _<  ph  fH  _*  »-i  cm  cm  cm  cm  cm  <\j  c\  i  cm  cm  c\j  cm  cm  (M  (\i  cm  cm  <m  cm  <m  (\j  cm  t\j  (\j  r  j  cm  cm  (\i  (M  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm 

a.s:2-2:s:2:3:zs2:2.3ea.a6.ac2:aL2:2:2:5:2:2.s;2.s:2:2-5:2:2:2:2.2:2:3C2:3:a-^2:x3:2-3:2:a.3: 

cocscucocucuuJCuajcQajcaaJcoajcuajccajcuajciJcococuc^ 

cc  cc  a.a  cc  cc  cc  ct  cc  a:  cc  or  cc  cr  cc  cc  era  cc  cc  oc  at  cc  act  ex  cccc  era 

aaaaaaacLLLQ  aaaaaaaaaa  aaaaaaaQaaaaaaaaaaaaaaaaaDtia 


+  </> 

*  ex 

*  LJ 
CM  t- 
<J»  O 
■►  UJ 
>c  > 
■H- 

X  UJ 

a 

a.  <i 

UJ  O. 

K  2- 

--•  t_>  u 

*  u- 

—  o 


— 1  IX 

t_»  u»  >• 

Q.  <l  CO 

+  -*  =5 

<\|  CjT  C_»  _l 

U#  ♦  O 

*  cm  a:  o. 

—  cj  o 

*-«  *  cc  a. 


O  +  cc 

a  _j  •-* 

4-  —CM  <l 

—  -JCJ  u. 

«-«  I-J  +  I 

a»         i  a.—  i- 

CM  (-•  +Ct  O  — • 

i—        _j  _jw  cc         <m  ico 

CM  UJ  "—-J  —    ••  «•*«» 

•»  Q.  JD  UJ  (/>©  CO       CDf-*    •  • 

r-     _j  oa  t~         cuoij»cQ— *x  l      «ao>-taic>H 

CM        -II  a.  «ICM^-4^*   ••  +  z  +  ♦ 

-5  II  JOCJ-O  II    M  h-  II    II       O  II    II  H-  II    Hh- 

— 1-~     ii—  H  zj*  i  r-oi        </?        t\j»-»        «/>        «/» 

I  _j     »-«i-i        —  cjir^J-ct     — #-i— pit/i— ki*h« «— »-«cmo^ 

OC  I  I  — CC  _l    •*C?«~ t-h-      |-h-       *t-t-      »-i-        I 

*-*~1       CO»-<  |«— «  <l   I   Xl/)<l«/)O0  II  l/H/)OXV</)  II  OOOO  H  ""SUJ 

w       (\|w  WW  w  w»— ■►->       ,_^ ,_-.,_        h- 1»_        I— 1>— ■  ^— 

II  _J  JJ  ||    It    II        — "—I—  — '         II— •!—  — «-»t—  II 
UL.         <_>l_>  t_J«_J  U-ULw*/>U£.UJUJ         U-Vw*i/HJL-<-/V         UJ 

__!«-•     ua  u-u.         j_«a.cur-ict.ai»-'CCct<^>ajcc.cx»-«cxcc»-»-Je) 

r— uj  v>  t^»  «-i  im 


tu 

co-h     co 
►Of    en 

iC 

—      sO»v        » 

o 

cc.     —*     rn-»— »co 

<t 

*->        4»CM    ►CMCMC) 

• 

GO 

•>    t-icjnnu#u# 

«-• 

r-l 

r~l»"»— »        O)   |    1    — ' 

<. 

1-  1 

II  »-*_J  ||       •-* «/;««, 

UJ 

«-4  II 

u-cc 

•-iwUJ      -»Cj»CO  1 

Z) 

+     II 

»■*»— 1 

• 

V_>U.«~~Hw  <  CMCM2 

cc-^ 

X 

o 

co       »-«o       u#q»-« 

MM" 

u;  il 

P 1  II    II  w—  II    II  "— 

I— 

—  1  ■« 

II 

—J 

ii  ^: 

II  —I— • 

cc 

UJ  ^H I  \j  t_j  u- 1  ^  »  >J  u- 

UJ 

U"- 

h-l 

<l 

(_)  Cj>  u#  u.  >—  u*  cj»-i  >«».  uj 

1-^o.ce. 

243 


oooooooooooooo 
<-i(\jp  i  <rui  vur-o)  o^o— *tNjr< )  >r 
»r  *r  «r  >r  vr  «a*  *r  >r  <r  mm  min  u  > 
Csi  <M  (M  t\j  f\i  csj  <\i  <M  (M  r\J  rg  <\j  cm  (\j 

(TinnfnfuiffipinirpfUfnfpiTifiini 

cc  a.  cc  a.  cc  cc  cc  cc  cc  cc  cc  cc  cc  cc 

CLCLCLC3-CLQ.Q.O-CLQaaCLCL 


Oi  UJ 

O  > 


3 

►~l 

O 

Z 

_J 

o 

<X 

z 

o 

>• 

u> 

<_> 

a 

(X 

> 

UJ 

o 

K 

«a 

< 

(X 

(X 

3) 

ill 

<-> 

z 

o 

UJ 

<1 

UJ 

K 

a 

o 

LJ 

o 

o 

OL 

h- 

*r 

•-4    •» 

O 

UJ 

>T^ 

1- 

3Z 

•»>*• 

QO 

o*  * 

LU 

•-« 

fOi-i 

13 

KH 

►<■ 

O 

«-»<l 

cr 

X">l 

•m— 

e> 

UJi-» 

O    w? 

z 

-J 

«-»a. 

»-«»H 

or.<i 

II  ctai 

2  1 

OZIM 

UJ   | 

K 

Z 

atot     oz 

-*»-i-<a. 

<i  II  a. 

era  ii     a. 

»"  ■  «■  ** 

jt 

_7 

UJ^C        II  _> 

"~ 

u. 

I— 

ac.     r-u 

WULlk 

UJ 

UJ 

OJttU.^ 

tx~»-* 

t_ ,WttUJ 

U' 

a 

!»-* 

»>i 

m 

>*-sr 

«*■ 

244 


oooooooooooooooooooooooocoooooocoooooooooooooooo 
t-«rMoi>rLn>Ci^ajCTO^™<,^^>or^cot^O'^c\if^^u^  ^1^*0*0^™^ 

h  t-4  t-tt-t  r-«  .-i-h  --<r-i  ,-*  cm  cm  cm  cm  cMCMCMCMCMCMmmcMmr  >mo  ininr  i  vTvrvrvj-vj-<r<rNr-r 

coojcococuajajcoixiajCDajcacDajCDascDcucoaiajCDujcoaj 

U_U-U-U-U_LUU-U_LLLLlJ~LLU_U-U_u-u_LLu-LLU_U_U_U-LLl^ 

aaaaaaaaaaaaaQaaacLaDaaaaaaaciaaaQ.aaaaaQaaaaQ.aQaaa 


—IX-       I— 

<-*o    z 

Ljcr      u. 

O             H-LL.       t? 

UJ                                      »— 
CCZ                       </>t/) 

w       -Q.LU 

LU                    XCO 

MU        2.    1   LUUJ 

9 

l-CJCM       »-• 

Z—     Zh-coor 

w  <uj     H-aj^j 

oco 

1 

co     t_#t/;  i— 

»-«^«i       UJ»-«uJUJ 

v.'i—  <-j   «_ji_)_j_j 

»-«i- 

-JZ     t-o 

U_*-       »-tLUZ3|— 

LUZ— IOC       QC.-q.-J. 

t-z 

■WW 

2.cccj*c— > 

tuo.      H-      OtJ 

XJOUJLUCOQ.>i. 

<!UJ 

X 

-JZLUCjf 

LJ             <i(_J       < 

LU 

LU 

00»-»C_)Z             V< 

a.~ 

** 

—•-<»-• 

ze>     a-h-_iu- 

X 

X 

>-ZOtrixi 

QO 

u. 

CMLU        t_UJ 

co^JZ      •*•      *» 

1— 

h- 

— I_J        MMU.'XUI 

*i»-» 

— 'QLi-ll-IJ. 

IX. 

z     •-•     xajM«a 

<JK«>h  XI U 

Z>U- 

IX. 

<U»       OLLI- 

a 

0trfNi»-*03»- 

z 

Z 

•-••-•<i2:<ih-    »— 

C»u- 

o 

Z      IX, 

•"•O*-'     aonu 

< 

<l 

I-3XLUCL.CJZ 

IU 

UUWUJU. 

at 

f—       _IUJU.        ^H- 

J_ 

-L. 

»-*        I-U1UJ         H-H-J 

«ILJ 

to— 

z     r-ou 

LU 

■q,|—<lLUa.  *—* 

>- 

1- 

^1    ••           H-LJ«1CU 

L_> 

t-<-> 

<l  J  z<-> 

CD 

•• 

at^:2.a.<iLU     lu 

•-«  at  z  oc  »-•  ^  i— tj 

O 

4L*~* 

U-     at 

2. 

co 

ixio.cx.cx>     _»zco 

at 

at 

LUCJ<1             ^C_' 

I--J 

LU 

«-(Ml-«IXilU 

z» 

^ 

»-H-0"JlXICD<lC3 

UJ 

LU 

jc>»-iuiix  »-C'iu 

<I 

»-«Z 

-<OUIQ 

z 

QC 

mWZUIm     _j 

X 

X 

aiixiH  zauiUM 

XUJ 

t_>o 

—    »~»-z 

<l 

Z              »—  tSlOLiJ) 

i- 

H- 

23<m     o     >- 

*0C 

!■  II    1 

WUli         H* 

a. 

2- 

a.t_I^U.        «IC_J 

LJ 

CJ 

CJOC_JOCZ-J 

X 

XCO 

ZU-Z<1 

_j 

LU 

I-<C_)»-«1_JLLLU        >- 

<IXUJ       UJUJ_IH- 

tx 

U-*C 

t—  <l.UJt-«2. 

a. 

U. 

_J                    UU.  -*■— i 

Z 

z 

1—  t_;uj«^>»-«<i 

XK 

LULU 

23      CXliXI 

MH 

l/)LJl/)             <_)»— 

o 

0 

»-    -*-LU2.aC3SX 

•*»-« 

Ui. 

U.HUh  tx 

X 

LU 

4^  1—  UJ  »-•  J—  CO  -J  rfi 

•— • 

•-< 

<.<-*       »-«_JUJ       (~ 

<Mi 

«_>•-• 

/iO       Z 

<l 

LU 

•-•       QL       ^t-iLLLU 

h- 

»— 

X.        LULi-ii^oCJ 

C3> 

a 

kh      OOLU 

2: 

CO 

X— .CC— LU       CTi-H 

<l 

<. 

•-      In      Z      Z 

+  — 

UJ>— 

cca«ol 

«— 

t-X3X5"0fUJU 

1— 

•1- 

•  t-QLUOQO 

^-«X 

X 

zcz     »- 

luo 

^wo— uja^t- 

303 

OQC      QIUZh 

a** 

hi 

ou.  M-i- 

XLUOC 

sauazw-oiL 

a. 

G. 

LUOX2TH-      Ol- 

II  cx. 

QC 

ix.  >r  to 

l-SUJ 

CJ       <-<C_J       IX. 

acu-x 

•— t-K            LU       <3. 

— » 

OUJ 

1  tOlU«—»-i 

act- 

LU_J       -JU.<1    «»13 

QCO 

cocjt-HLuxH-  «-a 

X_i 

zt— 

LUUtCJl 

outu 

l_)<3._£«U.UJU_C»C/> 

<-> 

«-» 

ujoiiioouaj 

—<l 

•—1 

>TCO           X 

ZU-i. 

Z»-*l_J*-:tX 

z 

cx»u_      H-Z30UJ»- 

Cj>»-» 

ZK 

COLUOCJ 

•—Ot<l 

iuz:-J2-     <-»>■•— 

i_>ocj 

tX>      CJ      CJi-«K»-» 

z 

— 

•-.z 

2UJIZ« 

>LUOC 

ooxoa:*— coo 

Zt-Z 

DULUIXXUU 

so 

ex 

<<t 

COI-4X 

U-Q-< 

QtZCCZLUI—       Z 

K- 

•co »— »-  0  h-  Z  UJ  tu 

oz 

LU 

t-h 

f-O           3 

KH 

a.  o:lu>-uj  >  x<z 

co<icoo     h-<l      -Jt-'i—X 

•■->• 

1-4 

cozco 

CO     z— 

oiu     o>_i>_JHaovi 

•-••Nll-t 

CO<ll-i2.<.       LUI— 

1 — 1 

■> 

anz 

z_j»-«m  *- 

■•UJCOaotZOOCotOt-'M 

-»     xt-*ctcja:     qq 

<a 

2: 

iuucuuj«-xxa 

oaoa     o.z5o:c/) 

!X!_iaio 

sio. 

1—4 

h-    o 

s»-«i-a#» 

--COOOCLUO      oc      u_Iji-«I 

QC<(X 

h<l/)ZZ      Zh 

•— < 

_J 

LUOC      LLH-H—  z      cucj      hoc 

LUOLU       OXX 

LUaLLUZ^ZJCO       UJ_JLUH-i 

xz 

•> 

iCUiCQHQli:  + 

UJ 

ujaoi     iu    •-•x*' 

laxa     c_?^i_x_jujjs 

CJLU 

o 

<U— X- 

zuj«i>3w    zzi-  i  HZ^ana 

H-OI-* 

-             co*-<icu 

0C> 

•. 

ccok  ZU.H     h-.     co_jze> 

2      e-(x><«/)UJ       2.       Q 

Q.I-4 

o 

<ILU       LJO       — XU- 

<tl_JZ 

III      II 

H 

C\J<1   1        UJ 1    «COUJlU 

ao 

•-* 

Q.^t/71—       Z^SQ-^MM 

1  U'   1   N  |l  CC-J-J— •       ■>!— 

•         OJ 

<i 

o. 

Hli/lCtM'-'               X        » 

0-f*     cMrn 

II  _J  II  * 

-    u-j<*  11  a« 

•     u. 

■a 

o 

IX.J—       ^CXlC?   »»aj<— 1_  <I_J 

1        1    1 

cc  co  o:  —J  cc  x  <t  2:  cc  0  X  h- 

•    CJT 

z 

CD-Oit-J-      —      O-DOCZj  II   II    II         II    II 

IX1»-«X'<ILU       3»t/>LUt—       O 

•    a 

<X 

CD 

Q.^2:oZQXQ 

d.ujcocx'cxcx'     ctct: 

»-<co»-«2:»-«lu        •-•    wc 

O 

U_ 

ZZ-^LUOZ-ZXZI-  LUUJIXIUJ       LULU 

CO      OC      QLULU      COSTCO 

•       LU 

O 

CJ 

LJ»-^<_>0.>O^Q'<lO,-,«•— «CC»— '•-•»-«       !-*•-• 

XOU-OU.<IXU.<UJV) 

•    z 

zoc 

CL 

•— I 

f-i  a  ►-.  z »-  2: 1-  h-  •-<  i  -J  <: 

•    •— < 

»-«o 

H-  1 

i   i 

1 

I 

•    i- 

U_|U_I~ 

-J 

a. 

CO 

•      -3 

CO     o 

-J 

♦— i 

2: 

a. 

iC— 

*^ 

«~                 — . 

•       CJ 

UCJ<1 

LU<1 

u.         <_> 

»-i 

UJ 

«.•-• 

CM 

o>           *r 

•       (X 

CL»— IX 

U»C_) 

oo     »-♦<-' 

_j 

»— I 

<Lw 

«•* 

«tf                       w. 

•       OU 

a 

<l 

CO 

2. 

•       _> 

3 

CO 

LU 

Ill 

•       CO 

a. 

— 1 

l_) 

IX. 

UUUUUUUdUUUUUUUOL'UUUUUUUUUUUUUUUUU»-'UUL.'UUUUUI.!UUUU 


245 


ooooooooooooooooooooooooooooooooooooooooooooooog 
Nrinii^u\ir\uTir»ir\i4^LnLr\>o»OvDNONU»u>uvO>w>oi^r~ 

CD  CD  CD  CD  CD  CD  CO  CD  CD  <U  CD  CD  CD  CD  CO  OQ  CD  CU  CD  CD  CO  CO  CO  CO  CC  CO  CD  CD  CO  CD  CD  CD  CD  CQ  CO  CD  CD  CD  CD  CO  CD  CD  CD  CD  CD  CD  CD  CD 

U^U_U-U-U.LULLU-U-^UuU_U.U_LLLL.U-.LLULU-U-U_U-U.U.U_a.U  U_U_U_U.LLU_U_UL.U_U_LLU-Ul.LL.U_U.LLU_U.U_ 

QCjrcjCTOocjcjicycjoCTcjjcjCT^ 

aaao.aaaaaaaaQ-aaa.aaaaaaaaaaaaaaaaaQ.aaaaaaaaa_.aQaa 


V.               I 

U            1          _£                 < 

IU        U          u                  « 

CO  1  a.      CJ             « 

*~-2-l-       >■               * 

U-'<1    •»                   « 

<_>.*-  •__:           i 

•    1           LULU                    < 

C__JLU     •  -_.                 « 

a. 

U-JXLL                         1 

O 

x»-«o      »         i 

u. 

h-       CO    4--J               « 

uju-mu-j            i 

z 

•__L_»cr.*ii-»           • 

cj 

CU<.X               « 

»-• 

Oleoma.  I            < 

•l- 

>ojo'j;         « 

ct< 

a 

Mazuj<t           i 

LU|- 

tu 

f-U.i       QOC               « 

L-J--. 

a. 

<ir>|    »__JCi)              « 

zu< 

!-• 

(t       — ♦-«                    « 

•-•i 

-J 

UJU-'UXU                 1 

«_) 

Cj» 

t— -L-*      a.             < 

i-LJ 

LD 

•-Ht-I-O-                           » 

V) 

-£. 

LUU 

a. 

CJ   •—        « 

h- 

CJ 

CCQ 

CO 

COLLO       CO    •         I 

Z 
UJ 

1-4 

Q.LU    • 

2- 

-s    <t©cor-      i 

»-4 

-a 

<IXCD 

< 

OZ      00>n3-        « 

O 

a: 

aii-u- 

a 

|— OUJt-l-J  1          « 

(/> 

•— • 

LU 

Z      (J 

e> 

co»-«Z  1  <tcu       • 

I- 

LL 

H- 

MIUU. 

u 

act- CJO-_:r-       « 

Z 

U. 

!-• 

_JLU«_J 

a 

«-»<i     m<i>T       • 

LU 

LU 

co 

u. 

<i-j|—  —>               * 

>      «■■ 

»-H 

CJ 

_s 

cj    a 

CO 

CO-JO.       _l    •         i 

CC 

CJ 

CJ 

o 

uj_iz 

3 

<I<     -<tOL           « 

i       LU 

NH 

1— 

»-4l-4<l 

co 

z>Q._.oa      « 

i— « 

u_ 

CJ 

KTt 

Z 

u_<j. 

CJUJ*-Q-»-«            « 

» 

u» 

z 

QL 

a 

•-IJ--CO 

z 

a.  •»      « 

»     a: 

UJ 

t~l 

»-4 

H- > 

OLLiu. 

o 

OLUCO    ~CUO         « 

»— • 

o 

•z 

< 

h- 

ooo 

»—< 

-ux_j~_E-n      « 

_i 

CJ 

1-4 

CO 

xt 

i.      a 

1— 

coi-<to^z>cr»      « 

» 

<l 

CC 

ID 

CJ 

•«     «-*cnz«-*      « 

o 

c 

s: 

U. 

LU 

LUI-CO 

z 

co  «.2:cr             i 

•• 

a 

UJ 

o 

1— 

XUiUJ 

3 

•  0«-<0  •»       ' 

CJ 

ai 

oc 

1-4 

H_JZ 

U- 

•flIZ-l-Z        « 

»         l-H 

— " 

rs» 

>- 

a_»-« 

*■*  •>■         cj      « 

>             •> 

!-• 

LL. 

I- 

JS 

u_2:i- 

a 

-5-J^ZLJ         « 

»    o 

»-• 

e> 

O 

•— 1 

LJ 

OOD 

z 

z     o   »CJZ       « 

(      "~ 

CJ 

z 

CO 

H 

OO 

<r 

O    »0._JW0         « 

H-)                c\j 

z 

cor- 

CO 

Z      Q_ 

*->Z      OhJ        « 

CO 

» 

O               *ro 

a 

<J- 

—in 

LU    ► 

a: 

(XarcD 

CO 

h-00>CJ*v        • 

UL 

-» 

<            o  -. 

■> 

z  •> 

CJCO 

•— i 

OCJ^ 

LU 

<tcOLU      ZJO        « 

Cj» 

r-t 

lu            «r~< 

i- 

*o 

<--'m 

euro 

< 

ZU.V1 

z 

I-Z2   «*0|-         i 

»     a 

-_• 

_)             •»  • 

<i 

•• 

*v      •» 

z  - 

cu    m 

»» 

DwQ^OZ        « 

o 

Of) 

rvl 

>r 

— -JO 

>o  1 

1— UJ 

U.i_»—»—  au         • 

>       LU 

z           <r 

1-4 

-o«-*u_Nr 

z>r 

LU    |    UJ 

— 

3Z 

Cj2--JH-|—  H-  Q_         « 

»    z 

z 

o              — 

-J 

— 

»-—- cc 

CJ 

O-LU    • 

UA 

CJO 

ljcji-««-io;._£Cj      « 

»    ►-« 

CJ 

__i    — .— . 

-a,— 

•  • 

^HCJLU— »LU 

*-* 

<l     »pH 

«^ 

aZ 

J_CJJEO_ri-.|~        i 

»    i— 

>-< 

I—  0  +  i-4i-<-. 

a.  -.-* 

II         >1M_J 

Km 

a-H 

CD 

t-                        « 

•    -j 

CO 

CO      ul     l«- 

tt«- 

'  1 

MllOfZ 

CO   1 

UJ         ||         © 

-J 

LU                                           4 

CJ 

z 

LU  II  h-i-j-^o 

acj<t 

Z»-4 

LU-3 

QC  II        O 

CO 

:-_.                                 « 

»     u. 

LU 

1—                  »—  «— 

-£ 

— ■ 

U»  —  -l  —  l— 

1—* 

a     .-«      h 

>         LU 

i. 

(X    II    II 

t 

•—-J          4_. 

VJl/J   II 

>         _» 

•■"« 

LU                U.U. 

_i_ 

(_J«—  4U.U 

U> 

U-U.         -J 

►        C/J 

CJ 

»-«  -J-Jf-lt-l 

<l»— 

uvjcj  •-<<_) 

■"' 

anu-J-j 

f-»         (\J 

,. 

i 

>J-                      Ul 

■4J 

r- 

OCJCJCJCJCJCJCJCJCJCJCJCJCJCJCJCJ       <->CJ       CJCJ 


CJCJCJ        CJCJ 


246 


oooooooooooooooooooooooooooooooooooooooooooooooo 

COCOCOCDCQCECQmQDCOCOCDaJCOCOCDCOCOCDCQCOCDCQCUCncQCOCDCOCQ 

LLIJLILU-U_U-U-U-U-U_U-U_U-U-LLU.UU_U-U_U.U-U^U-LLU_U-U_U_U-U-U_U-U_1^ 

UCJU'C3CJtJC2C?CJQa'CTa'C?CJ<JCJC»<^Q<^<JC7Q^Q<jrQOcj»C?CT 

aaaaaaaaaaaaaao  aaaaaaQ-aciaaaaaaaaaaaaao-aaacLaaaaaa 


CD*-* 


o  -SO 

.-•  aai 

i-t- 

cr»  </)</> 

••  QCLU 

— -.00  mZ 

<xcd<-»oj«c         ««            *acu     ^4  cuui 

^^»            —- »«-»w<tOO            (_>                 UU         •  0£ 

"woo* -wlucj  i  com  •t-n<t  •  ••-«<a^.  •<_>  ceo. 

II  H                    o               o               O  l-OCO** 

II   II              II    II    II    II  —  II   i|    II  r-  II    II    II  I—  II    II    II    ||  v>u.             II    II 

»-H\l  II    II 

*-HMlSt_»««.UJUJ«lU-<M»UJ«l.(_|<w-><a.UJt_fl_J«t.UJI_J  l-ifH 


z 

Cj 

1- 

< 

o 

1— • 

-J 

Q. 

»— i 

H- 

— i— ■ 

-3»-« 

X 

i."—    «r 

vO 

+     r- 

o    »-* 

—4 

r-«          l-l 

Q  +  —  ► 

«. 

<—     •. 

LLKZ^ 

in 

*zr- 

1-*—-* 

rH 

f\|— .-1 

COC\J         •• 

•> 

C*            •> 

LUC_*_ J(M 

CO 

1  —irvj 

z  l  u_sr 

i-4 

-4\i-<r 

f-«\J 

oaoE 

CUfX 

<J«-»X 

t-*Ui  — 

^» 

•R-UJ  — 

XX 

QLl-l>iM 

)-l<— 1 

i-4>l\JfHH 

II  II 

<lCJO    1 

1      1 

•oa  i  cu< 

1        II  II 

1-  1       Z<ll 

i-«»-iQ  1       Z 

•-IIM 

«/>     _*■— • 

•— • 

-_i«—  ti  ii 

(»»<»»  »-«NJ 

II  —J      II  II 

II 

ii  ii  —i 

V.U. 

"■ 

«a.u-i— t— « 

247 


OOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOO 

CDCOttlCQCQCCCQCQCUCOCUCDCDCUCCuUCOCOCaCDCDCUCQCOCDCOCDCQCDODCOCOCU 

U-U.U»U_U-U_U_»J-U.U_U-U-IJ-IJLU_ILLLU_U.U-U.L1_LL.U-U-LLLL 

aaaaaaaaaaaaaaaaaaaaaaaoLaaaaaaaQLaaaaaaaaaaaaaaua 


O 

Z 

Z 

o 

s: 

t-H 

3 

H 

2: 

<T 

H-t 

OC 

*• 

1  tl  1 

-i 

UJ 

^ 

INJ1V 

»— • 

h- 

.-1 

> 

•>   » 

at 

i-« 

o 

2L 

o 

C?CF 

■"^ 

o 

< 

CMC! 

u. 

a 

3: 

to 

*—* 

a. 

•>   •> 

o 

LU 

c 

CD 

K 

^> 

otr> 

H- 

1- 

<l 

< 

o 

rgm 

a: 

lO 

to 

»• 

O 

o 

hi 

Of 

— ■ 

•-H 

<t 

«-»— » 

a 

z 

t— • 

Q.—* 

_l 

M»«H 

z 

o 

< 

ixioj 

a. 

Q. 

>— 

— »— . 

►-* 

•— 4 

CD 

l 

UJ 

i_ 

ceco 

»-*cvj 

« 

1- 

</>«/> 

h- 

1- 

o— 

»— w 

x 

< 

LL. 

CD 

to 

_l 

*-tO 

oo 

UJ 

(X 

O 

Z*1 

_J 

UOJ 

•^■■^ 

(X 

1X1  >T 

l_J  » 

z 

Z 

«a«i 

tO«/5 

m 

l-CVJ 

h-tnr-r- 

>   1  ■ 

X 

o 

LL,* 

cxicd 

OC(M 

t— •    •» 

CCfVJCMtNJ 

1— «-« 

M 

l-M 

Q 

tococr> 

<i< 

<r  •• 

00 

<    ••   ►  m 

<t<ltp 

•—V. 

t- 

UJ 

>-iurn 

*  fl- 

LUCM 

1— CM 

h- rOvOCVJ 

Oi~<\! 

^O 

t-t" ' 

<r 

»- 

K+    *» 

ux/) 

ZC\J 

to  •• 

00^<M^ 

LUCO    » 

com 

CD—I 

a. 

tn 

<— »0> 

Q.Q. 

t-t   •> 

<IC0 

UJ   ••  *•  •- 

H-COCVJ 

*   •• 

■W-CD 

UJ 

UbJ 

</><—« 

UIUJ 

-JtNJ 

_JfM 

acmr^r~ 

*-»<.>T 

»-«v 

<I* 

h- 

Z 

w  •» 

1     I 

(M 

>r<^(\4 

«—    •» 

au>T 

1  CU 

»■* 

2V)^ 

^«.<p» 

z 

il  — 

z 

IHINI1X   |      * 

-*  1  X 

u. 

acD—i 

<.co 

o— 

CJX 

<_J  — •    • 

ocxsrxxi^o 

<HHll 

«•«)»_» 

<£ 

<— w 

o 

«-U\l 

•-« 

CJ— — » ow 

CJ<I       ^>v 

\ucixx*o+  *cj 

f-« 

H-* -»i-«  </)</> 

►-o 

CJO 

t--J 

t— o»-«m        r- 

U.2.-—  ,-<,-« 

^-l*        XXCUH-i-HlNJ 

x    a 

w;<_j  +  CUCD 

to  I  <tccj_ 

lO  1 

tO  1   — —  II    II 

at  <i  a.  <  cd  o  ■-«—  Ni 

^.— '<OCJQ 

oz 

UJO_J_l«*<l 

LUX 

II  II 

Ui_l 

UJXOCT           o 

UJ      X 

<lX<tCD       -» 

<c 

II   |—UJ 

p—       «•« 

«— I— 

»— —— '  1) 

II  II 

1— — 

i   '«*'  **  —  i  ■ « '—  t 

U.   II  —  II    II 

II        — 

II         II 

II  UJ 

II 

II 

-^tvj 

i-«\j 

II         II 

II         II 

-*0 

u. 

u_u_ 

Uu-M. 

UJ^J OO 

u_ 

u.u_u_—  «o 

j^i^i   n  « 

f*      a. 

j_      •"•*>< 

HO 

J_ »— _J  t— ••—• 

i-«l  UJUUU 

— 

M«I-«J»JU 

X«-«l£LUX^«  UJXXUU 

UJOl 


U'fO 
uC 

>— 

OC.-I 

oo 
I — ■ 

L_>«/) 
O.OJ 

u_«a 
to* 

l-Q- 
<UJ 

(^  I 

zx 

ox 


tocu 

LU<. 


oo     oo 


248 


ooooooooooooooooooooooooooooooocoooooooooooooo 
1-4  *-4  f-H  ih  «-h  i-«  *-*  cm  cm  cm  cm  eg  cm  c\j  cm  <vj  eg  c\j  cm  ( \j  cm  cm  Csi  cm  cm  c\i  cm  cm  cm  cm  cm  cm  r  i  cm  cm  (\j  cm  cm  cm  cm  cm  cm  eM  cm  cm  cm 

COCOCUajCXjClJUJCOCOaJCOCDCLlCIJaJCDCOCECD 

aaaaD.aaaaaaaaaaaaaaaao.ciaaQaaaaa£j.o.Q.Q.aaaaaaaaac.a 


-J 

cx 

<l 

o 

•— i 

»- 

a: 

CJ 

o 

<I 

> 

z 

U- 

u 

> 

•a. 

—I 

o 

CX 

CJ 

1—' 

— 1 

ex 

_j 

1— 
<l 

H- 

<i 

CX 

<l 

Z 

1-4 

o 

-J 

< 

s: 

<I 

> 

>r 

< 

> 

t- 

o 

3 

CX 

CO 

«a->r 

i-* 

o 

co 

z 

CJf 

o 

ac 

*^r 

3: 

<» 

z 

>- 

t- 

o 

>T   *■ 

a 

a 

a 

-J 

u 

CJ 

ex 

»>j     <r>r 

«C 

-> 

«_j 

Ul 

UJ 

•a. 

ac 

i-»IM   »«j- 

>- 

CJ 

u. 

z 

u. 

cm 

UJ 

•H-ir-  •» 

—1 

cj 

(X 

1— 1 

I/I 

ni 

LTV    •»OCM 

O 

<X 

o 

CX 

u. 

I-* 

«. 

Ul 

m«o     t-4 

Q. 

< 

UJ 

»- 

CM 

> 

•x-n— . 

H- 

o 

UJ 

CX 

< 

PI 

*-4 

in  •—.—2: 

CJ 

z 

ex 

4. 

z 

CO 

•> 

V- 

rOsO^«~o 

t— 

UJ 

111 

1— " 

o 

z 

CM 

<t 

COQrCMi-i 

»~ 

1-4 

M 

-J 

z 

3 

ro 

_i 

-*      OOh 

<l 

o 

UJ 

——•ft-  CJ<1 

(X 

H-l 

U_ 

u. 

u_ 

LL 

«o 

ex 

--•— '^4*  a 

a 

u_ 

a 

o 

a 

o 

— . 

OCMCJUMLD 

*a 

u_ 

CM 

O 

■— 'Or—or- 

o 

3 

UJ 

UJ 

UJ 

UJ 

CJ 

Z 

co'—co"— •— 

cj> 

CO 

CO 

CO 

CO 

CO 

«• 

i-« 

CD  CO  CU  CO 

<I 

«^ 

«x 

< 

in 

to 

«3acoiii-i 

UL 

u. 

o 

CJ 

o 

l_> 

OJ 

<c«r-*«a.  i  4o 

o 

o 

<*. 

uim-**  —  |  i- 

z 

z 

z 

z 

* 

OC 

•*COt-«X  — CO 

UJ 

UJ 

i— • 

1-4 

1—4 

>-4 

co 

OCMCXCOlXeX 

CO 

CO 

a 

cu— <ujcx.fr  *»- 

<I 

< 

i- 

1- 

1- 

»- 

UJ 

O 

••  I  UJf-«CM<I 

u> 

o 

»— • 

HH 

1-4 

»— • 

i 

*M«-»  |   CJOCD 

X 

X 

X 

X 

** 

Z-*J-  — .QJKJ» 

Z»-«CM 

z 

UJ 

UJ 

UJ 

UJ 

•-ICM 

X 

O 

xxauu. 

i— ««^w    • 

• 

•"•—■CM 

CJCJKXQJ 

<«■» 

<>4 

■»«— "w^*»'0 

UUOU 

^VJXIOJ 

cx«-« 

CXCM 

UCCM»J- 

a. 

vjivji«y.aj 

co 

— • 

1—  «-*onco»/>co 

h- 

K- 

O  1 

O  1 

C'  1  >T 

O-H 

CD-* 

CO   |  CUCUCOCOQ 

•-•  II    II    II 

II  z 

►-•  II   II 

II  II  Z 

cx     z 

ex     z 

CX 

CX 

II  II   II   II  z 

«l 

Q 

UJJ4«<Z 

X 

a. 

X 

(X 

CX  II  CX 

CX  II  CX 

a.  ti  i_) 

CX  || 

CX 

•*»  II 

1—' 

«www«<  UJ 

(JJ.I»,^.^ 

—3 

Uj— »— ». 

■^«_j 

UJ       3 

UJ      _) 

LU        1- 

UJ 

—»—,—»—«_> 

>-HMl<l 

>rj- 

HI* 

i»i>ri— 

ur.i— 

CX-I- 

ex 

|X«l\IP)V(-l 

u__n_J 

U_U_  U_U_U_ 

«»»«»«< 

-—  U.- 

"""«■»"' 

""UJ 

UJUJ 

UJUJ 

UJU 

u-'-"-"'  —  UJ. 

t-_)CJ 

1   II   II  II   lt-4 

OCJ>CJCj»CX 

u>^i_*<wi»aL 

1-4  UC 

1-4  Ct 

I-4CJ 

.«^CJ»CJ»C_ffU.( 

HIM 

, 

'•■^■u^Hjr— 

UJ 

cr» 

a 

^4 

1\J 

,1 

1ST 

nwi 

t 

«M*MMV»M»I 

t»l 

ci 

>j- 

»T 

\r 

>T*r 

249 


00OOOQOO00000OO0OOOO0OOOO0000OOO0C0OCO0O0O0C30OOO 
ODDOOOOOOQOOOOODOOOOOUOOOOaaOOOOOOOOUOOOOOUOOC'DO 

ODOocjoooooooooouoooDOoaoouacaoouooQcuQuaaccacoao 
ouuuuouuuuuuuuuuuuuuuouuutouuucuuuuuuuuouuuuuuuu 

UUUUUUUUUUOOUUUUUUUUUUUUU  CMwiO      uuuu 


+  at  o^z            uj  +  +■                               u; 

■f  ai  uiuj      •     ~>  +  +                            i— 

■♦»  -*•  NQV)(/I       <l  +  •«»                                              KJ 

+  O  wzmh     x  +  +                            -a. 

+  a  -jujxz  +  +                             u-  • 

+  <iu.t—  uj     to  +  ♦                                      ex. 

♦  I—  i-UJ      i-i      h-  +  ♦                                      ti>o 

♦  v?  ixuujo     *t  ♦  *                                ^»- 

•+■  UJ  OZZh*       LL!  ■♦•  "*                                                   MU 

+  X  Z*-it->U.      *->  +  +•                                      rNi<i 

+  e»  z    i-u.     o  +  +                              *-u~ 

+  »-«  Z3UJ3UJ      *-*  +  +                                        _J 

+  JL  XLJLJ     u_  ••  +  ■*                                    «a.i/> 

+  oji-au     u_  O  ■♦■  ♦                                    a.i-i 

f  ij  j_      uj           uj  i_u  •+  T                                        ax 

+  JL  H-U-_JCJ      i_>  ex  +  +                                      ai- 

■f  i—  u</>uj     u  •"  tt                               i: 

■*  ooj  ._}+■••  >-                  >■ 

♦  O  ZCXUJhh       _J  C*  +  ♦  »~                 l/>Oj 
+  U_    •  >-!lUT_J       -J  UJ  +  +  i-"                 < 

21+            >-  ZjSH-<I      <  C£  +  +  Z                    -J 

CC+  H-H-  «-»0      51  +  +  3               X< 

a*  z»-<  <ta2.a    x  to  +  *                            cx:-« 

Z  +  UJZ  K-      '-JCJ      l_>2:++  H-               LD2. 

t_J*  «-"_J  ^.Uirz    •»-<  <l  +  >*»  U               f-U 

U  +  v-J  lj^iu-     ;>x  a.  +  +  2                  2: 

■¥  «-«0  UM       UJ       JK  O  ♦  +                                            (X>- 

UJ+  U-»-  CjZX>"  a  ++  tO                 UJ.J 

2+  u-  >za.h-«i>-  ex  +  +  ♦-           ao 

»-•  +  UJ_|  <luJ_0       C£Ca  Q.  ■+  +  «—                                    CXQ- 

t»+  w*.  iui-za.  tu  tti.  1-            lj 

X>  +  CJ»-  <Xl/)UJ»-i<ICX  3  +  +£X  Z                      U_ 

0+            3T  ••       <I<ICX<      O  OO  t+O  UJ                l—O 

CX  +  UJO  iS>                    H-  UJH-  +  +Z  t-«               to 

oj+  x^:  rx     jz^ziu  z  ++^>  o     <r     u.j- 

•X>  +  »->-  UJ     <hOQK<  o  +  +   ••  •-             xz 

•to*          _j  «•»     1-      2     uuo     U,    •  c-  +*^i  "-      O      CJUJ 

•  +  ujcj  2:     uj    nwJ     u-OK  ++»  u.     j-    -«♦-« 

♦  fsju.  a.     2:     •-•►-     _iljouj  o  ++J>  uj             xtj 
■♦•  »-i  U      <l      00Z      -JZO^C  +-f««^  00          — 

•+■  _j<i  z:     ex.     z<i  «»i^»—«-«  -J  ^  ♦  i_»     0    u.u> 

•  +  <J  «X      <      UJMUJ20N>  U.  ++2                                     OH                      X 

■  ■♦•  zz  uj  •»    a.     2:o_i    •-••-«♦-<  ++rt  oc     ■—        uj               or 

■  +  C£~  OZ             «-«i-*ajixo)_iO  Q  ++O     -*  uj     O     h-O                 O 

•  ■•■  O  Z  »  U.  QU.<IO^<  Z  ++Z-*  »  O  •  ZU  Z 
+  2i  uj>  o  u.nhujzz  <i  ++o-^m  a:  h  it  > 
+         a.  _o<—  ujujixoi.ac;u-  +  +u— •  -  C       •     »-X     —        "v 

■  *  ouj  <j»as:     z     zo<iuj«-»ouj  v>  ■♦•  +     >-*            <j     uu     -r.        —            —    © 

♦  »-h-  ujol    «_»    au»azio  uj  ttiu  h-    uj    i-i«i    «—    z:»-«           m      • 

♦  too    •-•  zz  ++zz-*  w      •    u-uj     ;>      •«—  ••    ^ 

■^  ••  £_       (—         II                     II    II  »-«UJ  ♦-►•-•t_C~  UJ       -*       U»                        <-H->UJ             •*< 

■►  lu  e>o    a.  \-~  z  +■♦•»—  *-<z  x     z    ujuj     ii      »     z>        **     11 

•  ♦  V7  ^X      »-•  DO  t+JWw  O      ^—      OO                »-«  II  Z      Z      Z      Z 

*•  O  •"•        oc                       2:  oz  ♦■^o-s:^  »-•     >    01-H     i.            »-•     ocujotzia. 

♦  u.  _»_j     «j  u.  at  f+a.uj'^  jl     ■*•         J»     u.     »\j<— ♦—     _ji—  _»aj 
+  a.  _j_j     to                         t_)  uj  ttaii                         *— »-«     u         •_»-c     »—  *-«r—uJi— 

♦  _j  ^^t       uj  Z  ~i  ▼•♦■-Jt-tU.  UJ        u_       *_>«-l        ^1       LJ  — «^        UJU.UJ4IU' 

^  a.  «_»«_>     uj     j>             irx  to  *  -n/»i_i»—  ac     ci     uj         ->     lj^>o     u-jfiac^u. 

+  +  •*■  ->  — ii-j 


uuuuuuuuuuuuucuouuuuuuuuu  «-»0<-J     uuou     t_> 


250 


oooo 

sTUMTtm 

oooo 

ocoo 

ouuo 

l-LJ 

X 

s_u»-« 

a. 


u_j— rvj 


zu\ 

UJZ   •* 

«_>o  • 

*-.     tt 

U.LUCJ 

U-Zt- 
U1«~0 

oi-uj 

U3> 

I  o 
I  <xi- 

I  u-H£ 

I    _>LU 

Z  O 
i-.U-«-« 

ZOU- 
ex  u_ 
<ZUJ 
SCO 

-  t- 

•OLU 
>*<_>X 

— UJ- 


<\1  »o 
(*-«•  z 


occ~ 


U_LU_)UJ 


251 


oooooooooooooooooooooooooooooooooooooooooocooooo 

,_t_H .^r-i^^-t^H^-i^H^rvjiMCNjcNiMrvj cm cm  cm  cxi  im  n  >e>  i  m  moi  cm  o  i oi o >-r  <r  -r  <r<r  <r<rxr<r 

aaaaQ.Q.aa.aaaacLQ.aaQ.aacLaaaaaao.aaaaaaaaaaaaaaaaaaaaa 

oiQCCxa:cxa:cr:a.(iQiQCCLCXQ^cxa:Qia:cLtttt(Xcxaa:QiQ:cLa:  froKXa.a.aaactQ'-aaaactaaa.i 

l_>  UJ        LU  _l        UJ        IX         _£     •*-*<— 

+  oo  a.  a  <  {£  u.  -— •«- '(-J 

•♦»  (\i  a_  u.  •  z>  u.  — »oiut/i 

+•  —  to  t—  •  OOJI 

♦  aj  -  —  -  —  -  —  t/u\f—  ta- 


ct       -----  -  «Ht|-(fl 

-  •      J>      c_)         •  C/)  (_>CJ>Z   - 

*N        •      to  <l      Ui  2*  t/J  •»  •— • 

«»/>.>  J»  J_— — *0 

•     J»  —     u-  —     aooo 

o    -----     -      ooom 

l\i       •-•■>•         m  ►—<*v)0 

>^  —     oj     o     —    i/J     — *uc.Li>c_#>r 

«—  o     u  oj     uj     o|J<iU'- 

—  t\J— »UJ—'|—        LJUJO    -i-CXf-l 

i\iwfljazO"a     it\-".lju-  ^ 

-4      <M      .        -       •        •        -        -        «--0<ljE(r 

•—      UJ         —        —        ».-         —         —      OQ    •»  -3 

•a-    _j    -     •»■»•»      <tnxi-u> 
l—     t/>     z     on     c;  2:     c_j       -<i.-iu.h- 

^  -       1—        <i  f_       UJ       *-»       *~2-    — -«LO 

(-."s.------        OVJOO    -C_> 

-•---►--CM  -IS—tO 

—  O     -----       -       ^—  -Oi-« 

CNJ     cm     ^      x       I       to      an      uj     coot— ^  - 

-»  r-i     i-i     o      a.       I       •-*     UJ     o       -**"  •— *— 

j  —       I                         I       3     u_     <£     -«*M5dO 

O  r»)      *       1        1                rj     ul     uj     ©OU-txo 

X  uj     cm     ------       cmlo  -jem 

O  _)>*.-       —       -•.--     «*<>tu.« 

•-<  *——»-«....      ^iu-zcjcm 

Z  h     cm      1        1      i-     >■     .-•     a;       -c   KJti 

-  *-     —     1^1  ^o^z^a^uj^oom  -u_ 
•—  -     -*         -      -  _i-       -       -  U_-  LU  ►2WH 

V)  -.-^uj       f_       ^_       u.  UJ       U-  —  2.—    -ULQ 

CJ  (\JCNJ_J      -  —  — -         -        -  — —  WOONZ    * 

>        ^i--4<t      -00  -co  —  -     ~w  ►zZ'-rzH- 
z o     .  Z-  z-  '/)-      -  z-  <t  — ■»  -so 

-  CXJnOLO  O-  l_»-  -  -  Q-  hi-  az^tzom 
uj-^  ujuj  -  _j  -_j  -to  -  -^j  -a  -U-C02T  -ua.-i 
00    -J—i"^     a.-  u--  -j-      -  »--      -  ►-<  — — «— 

Ott       t— l-O  <l       •SIOUJ  wJIUmZU-^O^C 

CUCNJ      ■—•»-•    •      -  !-•-  —•-   UJ-         -   •-•-   CJ    •OOOU-h 

z^h    i-i-o      -<-»  -<->  -ex.  -      -o  •<2uomn 

—  ■>,.        -  -*       .  <l-  <J.  o-        -  <a-  UCU.    -UA— HU 
—     —.-.cm      UJ-  UJ-  X-        -  Z-  00-  I— Q-'OOO 
XCNi      C\JC\i"v      Q   -Q   -O   »        -O   -<   -ZLOO<1   -      CM 

o._4    ^^—    o»  q-  hi-     .  <-  x-   -zc/)s:— »— 

•a-'     «-'— <\j  oQCtcQtXZUJ         5lcr:CL-»0  -X<iO-^-i 

a:ajuj-Hir\^-  -  -~-  *--  o-  2;-  ««-.  >oza.  -o  • 

oK-JUjuju.1  >s.>^v>-v.— vms>N(jzwo- .inuio)- 

»— if— _j 1 1  t-iocMc»;muj>r»^^<-JvOZ  -Z  -O'-'tu     srmvor*-ir\  >ru\oop^in  u\tn 

uu^r>-.»—  1—  <  uj-  ai-  uj-  uj-  uj-  uj-  z  •—oy  •^<r>rornrnf«>cLa.cxmmrofr»rnu-a.£j,     p-jfn 

Z*i— »-«»-*o  _j  *_j  --J  -_i  -_i  •■— 1  -o— ©m«sti—  uj  -  -  -  -  ►i—u-i—  ■»  *.  »  «  ^^_|— j. .      «.  » 

t~,       ^^-^.^g'x^-.   )_.   (_«    |„ ,m    ^_.    h.  .    ^00',^S:tJ^-l^>^U^O<^J»4J^_J^_»i_J^U^IJ^W^U^OCJtJtJ        >4JMJ 

H-of<»"'4"^r«;i"0»-»z»-«z»-^cot-iCo»-«z»-HUJ    o^o< jo««— j j j-**-*- j j j^w- 
I3UJ***#    •f-UJKUit-<I»->-K«JJH-3Ztrv—ujtou-cD  u-o-u.  u.u.u. 

Oe>  o     3     3     X     to     Z)     aro— exec  -»-«zuj  ujuj  lulu  luluujujuj  oujuj 

a.uj_i_i_j_j*  <»,u<i<_*<iu.'«i     <ivj»<iujae.tjicou.— »— '■-'h-f—  1 — t— • —  _J-J_i»— r-i— t— »--J-J-Jt— t— •— 

UJ|— ■M.<L<t.<M.UU|—    »—-    r--    »--   h—    »—-    i.UJJ_    -O  •-••-ll-i»-l»-«_J_J_H-4»~«H-.^-H-i_J_J_J        •-!»— 

_ '  4d ujuj  ujuj  cm<i  -<i   -<a  -<l  -<i  -<i  -cjcxa-»-»<iju>u»u^(xu.ctu^^^«i(xcicxQc.tx-«».'«».<ic_;cr.tx. 
to»-«cs:cxcxtx.>.i_i-  cj-  c_j-  uj-  uj-  c_j-  t_>u-cjc\iu\^-^.jc^ j;^^ljl_>«j jc jc-s  j:_5c_>oc_>e>;s_£ 
^,     ^     ^     ,-,     ^,     ^     m     i-«csjnt<r 

-^  CM 


— .«— 

—  CMOI 

— roro 

t-4    —    - 

-^  —  — 

•OO 

•OC 

U-'OLU 

uoai 

tums: 

lijins- 

2.  »o 

s:  -0 

UGZ 

LJOZ 

2cw)  - 

-£<l    - 

-XCJ 

►XO 

CJOlLO 

CJ?<l<t 

coo-x 

•ico  a. 

XC/JCX 

LU 

2.    -C_l 

UJ 

Q.    -CJ 

—1 

<ILO<t 

-J 

CJLOQ 

t— 

-O    - 

K- 

-O    - 

1                 — 

oaio 

1—4 

CJUJCP 

»- 

UJUCU! 

H- 

LUCCLU 

1            z 

CLU.CC 

Z 

oru-o; 

U-_SU- 

U.3CU. 

252 


OOOOOCOOOOOOOOOOOOQOOOOOOOOOOOOOOOOCOOOOOOOOOOOO 

aaaaaaaaaaaaaaaaaaaaaaaaaacLaaaaaaaaaaQaaaaac-Q-aoa 

«<«*l<l«<l«,<l<l<l<K<l<<'.«<^«I^<«<l<l<l««l<l<<l<l^<<lfl<<l<l<l<l<l<lC 

ctccczctoceccccccr.&acaicccc.cLcccLctcLCtaLcc(X.etaiCLctGCcccLctcccc.ccct.cc& 


r-t(\JO  O 

ao2.  o 

U.IOO  UJ 

xloz  s: 

o  -  *  a 

^e>cy  —                                                 z 


OS!  •*                                                                                      r-t 

<<Q  O                                                                        LL 

i.t/xa  a  LU- 
LLi  <a  *•  •>  u.i  in  uji-H 
-J       K3U  o             -i       •>                                                  -J     <-J 

•»             »-•     t/)XX  ••             t-*     CT                                                  ►-•     c? 

m           i-    iaa  a>           »-      •■                                         •-    lu 

z    cl*io  z    ot                                        z    cc 

r>-                 c?coo  .-«                  a                                               ll 

m     mom     —•^ru^i-ip-in  tncvim     mm         •rm-.rr-ir*         ir»vr»in     in«4>in     <4-loi— r-u>     -ru\ao 

•»      •»•>•»     Q)  •.•»•>  •»  *+— h-  » —  »•.»      •>  •■    !•••■•>•>•>  «.^—       •»•.#.      •»  «  »      •>••«•  »»J—  »  «  » 

'O         ^O  -4J  *^»  UJJ-  ^U  **J  ^U  <4)  -JJ  (_)(_>  *_l  'WvO^W         ■*>  'OUJI/mj  >JJAJ  <J  M.'UfViMJvt.'vOCNiviJ  s^J  >U  CU -4.' M->  <4J  >i»l  MJV_!>*J  -*L>  >-U 

2w                      U.U.U.  2:>-                      **■                                   Z                      "- 

UJOLUUjail-'ZUJUJUJU.'UJ  (_'UJUJLUCUJLLi,-,ZU.IUJLUUJLU       OLUUJUJOUJUJUJ>-»UJ  UJLU  LULU       LULULU 

ai_;a.a.ii.u'u.irau.tra<i<i«iuttau-uu.a'ju-txaa.aavu,aiiauo:a.u.uaLtaau.viti.u. 


253 


OOOOOOOOOOOOOOOQOCOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

r-a3cro«-4<Mfr**ru^^r,-oo</'0»-^c\JCfi>rin>or^cot^o»-*«\jc^Nr  u\>oi>»cDv^o»-ic\jn'>»rir\sur-cuaNO«-icvjro»r 

aaaaaaaaaaaaQ-aaaaaaaaaaaaaaaaaaaaaaaaaaaaaQaaaaa 
«<i<.<«i^<i<i«a<<i<.<i<i«5<i<i<i<i<i<i^<r<.<x<a<t<i<.<T<i<i<i«a«*<i<i<i<i<i.«i.<i<i«q.<i<t<i<a 
oc  tx  <x  a.  ac  cc  cc  cc  a.  cc  cc  cc  cc  cc  cc  cc  or.  cc  cc  cc  cc  cc  cc  cc  cc  cc  a  ac  cc  ac  cc  ac  cc  <x  cc  cc  cc  ac  cc  ac  cc  cc  ccaccccccccc 


«—  — 'CJCJ 
—>  -)  yj  J  CO 
—'-'Xi 

<t<<<J 
5.2:wjco 


lu  •       -r-a- 

X  .injm . 

*.  •>  »4Nirsj   »  m 

(VI  «-i^  »  »*-«C\| 

u_  r>l(sif-«\jxx 

u_  »  »>xxxx 

lli     «-h  hnxxxx 

_J      LJ  XXww^^ 

•-1     a  — .—                   fihxzxz 

Z      (X  Lb           ^q-«               —      <HZSZZ 

u_  3:—— -w^<\ic\j     *»—»*-«     3iz<<K<i 

—— .—  CJt-«\J*-*i-lUJU'—» MMW-« 

r— m  x— —'Luiij^ j-ji-«— ^o*-1         ii  n  ii  ii 

mma.  -u.ilu_j_j<£<i*»och/>— 11  11 

••  •*-  — 4_J_J«£«Ol->eJ<>.cOXC3          —»—.—.—» 

4JSOW  II  <<lUOVK/)<liXaUJ- •—»i-«t\ii-«f\IUJ 

— »^._j  «-«ljocou;        atcju-c^cXf-^co^ww^o 

U.Z  COV)               ||    II  «UQU.w^iHH«MCVJZ 

UJLU       OC  <t              II    II                                           LUUlUJUJLULUt-H 
II    |i             ^*<\l  ||   ||    ||    ||    II  JJJJJJK 

I_»  X.  X  X.*.  ^XI^ItsirNlPvl  !>!</)  CO  V«/>V)t/J<_> 

01  «•»- 


COLO—-* 

—I  CM  — <— • 

LULU_J_t 
OCJ  (/)</) 

xz-^t-i 

ozz« 

U"\  ||    II 

•  II  II 

ft         — »- » 

II  «"• — fHCSJCU 

~3— «M-" —  Z> 


CT>  hh— 


LUUI 
-J— J 


l^^LuuJUJUi•-• 

•ck<3.<K<1.4C. 
L_'wt-»v-»WLJ 
CJCOCOCOCOLJ 


C\JZ 

.-4        II 


HfMu^voa 


L_»l— |—  LJ 


254 


oooocooocoooooooooooooocooooooooooocoooooooooooo 

-T  >r  »T  >r  »r  in  in  m  in  m  m  in  in  in  u  -\  >o  >o  >o  >u  o  o  o  *o  o  «o  r-  r~  r-  r-  r-  r-  r-  r-  r~  r-  co  co  co  oo  ao  oo  co  ot>  cococr>tr'UN 

aaa.aa.a.aaaaaaaaaaaaaaaaaaaQ.aaaaaQ.aaaaaaaaaaaQ.ao.aa 
«<i<i<i<i<i<t<i<i<i<i.^<i<i<i<i^<i<i<i<i<t<i<i<i<i<i<i<i<i<i<.<i<i<<i^^<i<i«<i<i<i<i<i<i<i 

oraccta:cLC£ct:a£Cfca:c£ct.cir.ccctixoLuccr.cccrccu£^ 


CD 

— » 

CD 

h- 

cu 

»~ 

a. 

h- 

UL 

•■ 

Ct 

m 

cu 

» 

cu 

CD 

«*. 

CO 

K 

CD 

fr- 

Ct 

fr- 

et 

•• 

et 

•> 

CU 

^ 

cu 

t— 

cu 

fr- 

H-              CO              fr-  CU             hh              t—              HH 

1-4              fr-               I-.  »-»**» 

*  »— i         •  *-•        q          »        a 
id         »       o  ••       v>        a        w> 

<          O          <t  »H          X          v»          X 

21           «X           X  LU           CL           J-           a. 

a       2:       <;  -j       ar       o-       < 

<t       <i       co  <       a       ar       co 

•  •        *  u        »        *>        •■ 

C?             CT            CO  CO             O             O             CO 

01010—  ►LULUO                                                                    — 

CX<XUJl-4  CVJCtQCLU                                                                *»"♦-* 

u.         u.         at         '-•  Uiii-U-ct                                            eg*-* 

m          •>        u_         cm  — 1          •»          •»        u.                                             •.         m 

003           0.'  <I            <J           O           3                                                         (MUJ 

UJ              LU                 ►              _J  l_>              UJ             UJ                »                                                                    <N_j 

S          ©          fr-  COSTSO                                                     *         H 

oo*-*  •>       o       o       ©                                   m       nh 

2  2         in        fr-  c\J        2        2        in                                          c\j>- 

»-•  11  mo>in     intern     mom—     t-i  11 

f\i>ra.cvj«-*o.moQ.      *  #-«<\jcr*>ocLC\j»rQ.(\j«-ia-moa.ro>$"cn    mmm    msrm— 1      -           t-ic\i«o 

3  2         s     -«—  .*         3         3         3»»»      «  » •      **-o     -*— • 

II   II  <  II    II  «l  M    II  «l        II  >UCU  II    II    II    II  <l  II    II  <  II    II  <  II    II  <l>U>U^f-INO^«Vt-H>U>4»>iJJ.        11  otu        II    11    11 

cc         ct         cc     i-i^_j  oc         ac         or         ct*-"— «-(\j—..wwc\i»— «— — -o     »-*^rj 

— .— .o— »— >c-i  —  - ~ «_j          >z  — — .— .^cj*^— £->— .— cj— >— -cj                                              «-i          +2     — — — * 

<-«Osi     t-irvj     .-*<\i         cohh»-«  i-iCMtO'4"     «-Tvi     f-i(\j     — km     u.iUjuioujuJUJOUDUJiii2     roM»"     »-tojfn 

ujujjajiij_iujai_j           u->^:  ujaiuJUJ_iCJuj_jiiJuj_jLUaj_ji-M>-H      whh      »_••—*•-<                 uj«^       uliujcxi 

Uii— cj  1—  »-i—  *-«*t—  *-•"*»— *-«*.!—  i—  ■**ctcrcx.u>(xa.ix.i_icjLCE.ci.iJ-     uru     f— »—»— 

(_>(Xl_>  MMi-lMUCMUWMUMMUiiiOi^^O^Jl^M         <-l(XU        •—••—••—• 

<JU  JJl                   O             l~*       *M       •*! 


5 


255 


oooooooooooooooooooooooooooooooooooooooooooooooo 

<M>rir\vor^c»g^Q»^<NJO>^uA»or^wi^O'^c\joi>rir\NOp~a3U^OrH<\joi>r^vO 
(j>o>CPt^trc^u^oooooooooo«^^r^«^^^^»^^^Csirvjrgf>sjc\i(vi(\irsj(vjrorm)n>rn(tirnc^omiro>r 

_l r-l  -H  .-H  «-H  «-l  t-t  CM  CM  CM  CM  CM  (\J  CM  CM  CM  CM  CO  i  \t  CM  CM  C\J  CM  CM  t\|  CM  C\J  (\J  CM  (\J  CM  f\J  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

aaaaaaaaaaaaaaaaaacLacLaQ-aaaciaaaQ-aaaaaaaaaaaaaaaaa 
<i«i<i«<i<i<i<l<i<i<i^<i«i<i<i<t<i<i<i<i^«<i<i<i<i<l<>^«i<a<i<i<i<i<i<i<i<i<i<i<i<i<i<i<i<i 

ctcra.a:eccra:c£a-C£C£ixc£C£cxa:<xctcxacoe.oce£c^ 


CO 

H- 

— » 

— • 

B. 

CO 

a_ 

-» 

•» 

K 

K 

at 

u_ 

(X 

UL 

h- 

t- 

•> 

•» 

a. 

t— 1 

CO 

au 

m 

•• 

1- 

t- 

CD 

O 

•— 1 

t— 

h- 

«a 

•> 

•> 

►-» 

_E 

o 

o 

•> 

c 

< 

<3! 

UJ 

<i 

s: 

s: 

-J 

•» 

< 

< 

«a 

u 

•» 

to 

o 

to 

a 

•» 

V) 

X 

CO 

a 

•» 

a. 

X 

to 

■-• 

c_f 

a. 

X 

LU 

CJ 

CJ7 

O. 

—I 

■> 

•> 

<l 

•O. 

O 

o 

to 

CJ 

It! 

LU 

•> 

CO 

2. 

s: 

e 

•» 

o 

o 

o 

r\j 

■z 

z 

in 

ec  in 

rjr  a> 

♦•  _J 

O  I- 

O  •- 

in  K 

w^->«>       — — »—*       —»—»—.  CM 

Kioui     mtMin     mcrim         ~*  u                             in^-tin     ininin     invom  —*  n 

u>CLCM-4'ti.cMi-4Q.rr>OQ.fnmfo    cnsrm     rrerm—      •»           oooooammm     cnvrm     m»rm  » 

_e         ;_.        3         _b  •  •»  •»      ►»••      *  »  ►♦—     —i—                        __:•>•»••      •.*••      ••»•.  .-<— . 

II -4.    II     II   <l    II     II   <t    II     H   <XO  *L»  »*J  MJ  ~U  vO^J  O -O  sU  MJt/7           II  sOtU          H     H     II     M   <HJ^»tCH^I>tl^<-l>4JsL'MJUJ  NO 

-»o— ■— cj— — «_.— — a                                        >•         +z    —*— -u                                        _£  + 

•tf"       i-«M       — *CM       -HCM       LUUIUJOUJUJaiOLUUJUJZ       CO»-hi-»       .-tCMm-J"       LUUJUJOUJUJUJOUJUJ^J►-•  Mi-i 

W_|^,w_|^,~»_l^.— ._i|_(_(_(_^_f_t_^_,_J_^.»».             <\J---|~-              — '<— ^— ■^— ' || • ♦— ( ►— »_} 1 t— I I —     I IM~-» 

Ui_JUJUJ_iaJUJ_(UJUJ_J«-H-l-1        MMW         >—.-..--.                       lU__         UJQUUJUJ_JI—)»-4»-«        MMM        MtHM^  UJ 

f-vri- -*»—  *-«*.»— t—  <ta-a.ti.t_Jii.ci.Li.LJcr.cr.Lr.u-     «_jr— 1_>     rhh^*iau.i-ua  au-uaaau  <->»— 

►-u>-t»-tj»-'»^u'-"-'LJ_!J:_:o_ijt_co_;_5_;M     uau     Hmihih(j3ji_:o_:_:_!OS_;_;o  ljcx 


tn 

— 

cm 

»i" 

■• 

LU 

r»- 

-J 

CM 

1- 

« 

►— • 

O 

»- 

CM 

UMMin 

mmui 

— '  II 

cnsrm 

ro«rm— 

•• 

256 


oooooooooooooooooooooooooooooooooooooooooo 

t\J  (\J  CM  CM  CM  f\  1 OJ  (\|  CM  CM  f\J  (\J  CM  CM  CM  CO  CM  CM  CM  C\J  CM  C\J  CM  CM  (VI  CM  CM  CM  (\J  (M  C>  I  Csl  CM  CM  CM  CM  CM  CM  CM  CM  CM  CM 

aaaaaaaaaaaaaaaaaaaaaaaaaaa  aaaa.aaaa.aaaaa.aa 
<i  <i  <i  <.  <l  <i  <i  <i  «a  <i «  <i  <t  *a.  <i  <i  <i  <i  «a  <l  <i  •<!  <i  «q.  <i  <i  <i  <i  <x  <i  <t «.  <i  <i  <i  <a  <a  <i  <i  <t  <i  <i 
oLccccacaccoca-  a  cc  cx.cc  cf.cLa.fX  cccc  crtx  cx.ee  ex.  ex.  ct.a  cc  ex.  a.  ex  ex  ex  ex.  ex  ex.  ex  ex  ex  exec  a  cr 

a  * 

—■         «a  .                   ^                          — 

v>         or  Zi*.             zu             z:*     -  — 

Z           —  OO               OUJ               oo      — 

•-•        >-  »— jl            i— o            h-j-     aw 

a        o  oo           o               oo    «u 

<a         z  uj                ai*»            lu         a< 

a         uj  -j»-            _jlu            _j«-    "«-»tx. 

«■»              3  LULU                    UJ^>                    LULU       >-— » 

CJJ  </).>                    LOf*                    CO.>       L_>>- 

>  lu  —.                   K                   i-4      ZU 
O            OC  It-                 I<t                  Ih       UJZ 

iC         u-  u-«i             ae>—         a*i     olu 

lu  <id**         ^iuj—         <ny— VJJ.J 

U  CXLU—              QCZ-                CCLU-^LUO 

O               •  OZ-              O       *             OZ-   CX.LU 

LU            LO  •*                  LU-                         *U_IX 

CX             >  ZOI-               ZCOw             ZLU-         LU 

U.  t-tCO—             HH       O             HCUw    •            >v"^ 

O  »— eo  OCO    •        ►  •• 

«■»  1/   K- UJ       -»COO    »      — COI—  UU;>LO*"»-   - 

•            «/>  I— LJ    -       >»»— ,«L-         "*v|— L_»    *•       ^^.^.4- 

co         lu  toz-        •»</>    o       »</>z-  aj       •vjsj: 

>  LU  — •-*      CJ       -  1-tCJ-         "  •-*       OU»»   <l<*. 

cc  ^.j*o-      ux_j  •■     a^a-      cozrxct 

e>  «uj_j  •>■    aiuj^^    luuj— i  *zoijiqo 

—          LU  -        3>*      CC      C   -     CC      Z)^s»-aj<I 

cd         o  ato  -    wax-      "-HCXO  *     ctoczz 

—                  —               o        o—  il'OI"     cooco  •    coox-  aiuoiuuj 

aj                    co                w     — ai  cccci/)  •     lucx     oo     ujcxlo  iouj     lulu 

H-                            !-                       Z       ><LO  «-CC       CO       OQCCXCt       OOC       W^Q2CQCQ 

a,                      a.                 *-       *><4.  COLUCX.U.         iuuuu         lucx.o.uj^'lu 

•»                                  »                         <l        Ti  IU»   LUUJ       h-~    CUCX       t— »    LU CJ CC UJLU V>l/J 

CU                              CU                        O       <L.O-  C3    »-CDCX.       O    "SlCr       O    »-CUCXLUOaJ<l<». 

I-                     t-                        cm  xsct-»zx3aj-zxzau.z     XX 

•—                        »-•                     I       «-■  I  kcOIjlu-       mz      .       rrirDLULLUJi/) 

••                              ••                        I           ••  I  C    »Z       t-t-    •*      LUK-t-   »Z       l-HQC:<lt-»~ 

^1                            CM                         I        -     I  Z—      LUOLJ—  LO_JCJtJ— »      UJULUIOO 

LU                            U_  -  CO_J_J_l-   »-iCD_J_J-.  CO_l       LL       _J_I 

lu                    lu                (_      i  t_  !-«MCuaa#  x»— 0-a-H-»-icauju_»-aa 

hh                     1-4                 o       I  O  i-»  Im         -  i— to         «•  X»-«Oi—C 

<_>                              O                        I         I   t  _J—|— COLOLO*-       LOH-f— "—  ♦—  lODU-IWH 

•►                     •>                a        a  aLo     to_j_jLn     olo^lo     i/it—     a_ito 

u*                  a                     lu  •»    ocjo  *  laHH  •»    c«-<lu     cw 

LU  — »  LU  LU       -JLU       LU*v    «aXX** 1       D^S    •QZCOUJX33 

a.        »-«        at            «~cj     »-o  a  «*uj     ^^  foctuiar  ••♦-     o-aaujej 

u_         «—        lu            -*uj     »—cj  u-*Qct.t—  »--«~xcj>->— v5a<tiUH  > 

•»           «0              -                -  CD      l-CD  CD-  UUJZZ-  OLUZZ-  CJLJaracOZZ 

O            LU            C3                   It-         --  -   -K-CDLU-  -   -frt-i       -   -  -W-  >-LU-  -   -  -   - 

lu        _j        lu  .»»«M3..».  z*:  ►  —  z      •.».•.•.«. 

S:           »~           2"               *- X      XX  X*---  i^XXw  oXXw-  i^XXXXX 

o       »-»       a          oo    oo  oo  »ucoo  ►wooo  -oqoooq 

Z           h-           Z                 COCM      -<CM  ^COXLUCM-4COXQCMi-<COXLUf-4t-<^«^^« 
«-»CM                  — '             —»►•.•.».••    •^TlQ    »   ••  »"LO          •»  •-   »-LnC_)    *  »  •  tk  » 

- — »  n                      ---      .  •  ....••-*<r---*-..-- 

omo>>oa      •           a        *-*    o    oo  oov.<iooo^v»-ooox.<ooooo 


LU  ||    II    II    ||<l  tl  NULL.  <1  «——<-»       — »»«»       *»«^«   <lw«— _,.   (_]^.'wM'.   «t. 

O  CC  M^3  ex                                          —           Ctll->                CC-                  £XC-> 

z  — — — »a  +z  UJZ  »-Kt--     I-I--  h-t-u. 

»-•  ^«cMcn<r  n>«-4»-«        cc  <i<.<     <i<— «aj  «~<r<c<ccx<<<icD  «-ct<r<<-<a: 

k-  ^ww^-_j  ni^»~  _j^  i.a.3:     iXco:£;i.a.^2.2.aL3uu>3L2t.i_i.x.2_2:a_.2La. 

^.  lulululu_i  uj^.  _i»—  cxulul      <J- a. ^ u_ ix. -) u » <jl uc- a. _J   »-a.Lt.cx  juiaaaatiu 

UJ  h-r-t—  *-■*•■  L_.r-L_>  «*LU  LJLJLJ       UJO**LJUJ^.    •H_'t-»0^.  "^L-iUJI-J.el    *t; UJ L_! O UJ  ^. 

i_>  .-ik-ii^t^^,  UO.U  LJUL  LLU.LL.—  LL.LL.'-'U.LU       >*.LULL.U_          »-U-LL.U_        ^  LU  U»  LL.  LL.  LL.  LU 

—I  ■-•  ^4f\J  t-l«M  ^-4fM 

(M  «'I  <ru\%u       r-*u       U'O            >-»<\Jpt            TU>>U            l-OULPO^ 


257 


oooooooooooooooooooooooooooooooooooooooooooooooo 
t^^^t^^^^^^,^<\jrNjcvjrgcjc\iOsj<Mrvj(>4rif«irTio)nir«iom'ifr(r'<^><-«r>r>r>rvr>r>3- 


LU  UJ  UJ  UJ  LU  LU  LU  UJ  UJ  LU  UJ  UJ  UJ  LU  LU  U-'  UJ  UJ  ID  UJ  LU  UJ  UJ  UJ  UJ  111  Ul  UJ  UJ  U I LU  LU  UJ  Ul  LU  UJ  LUUJUJUJUJUJLUUJ LULU  LULU 

.$    .*-«—  UU  UJUJO  UJU-'UJ 

—©tuto 
oo-jx 

v*u\r—  u.  </> 

OU»2   •«  •-• 

tO    •>  •— -  Z. 

X O  O 

0-000  ^ 

ooom  >■  a: 

ololo— «—  _j  o 

— u.uvu»>r-  a-  uv  <i 

OUKjiii—  »—  *£ 

O    ••2.0.^  (X  <t  H-t 

m— c_>u_a:  O  a.  2: 

«c<3a  1-  lu  cj 

cjo  •»  «"3  <  — •*  z:  2 

<iir\xi— u_  2  h-ih-i  O  uu 

r-ouu  »-•  -2.^.  2  o 

l_iuyrvi_j    ••  i  ^tu 

»«iHai-  o  20  a.  a. 

•^Z.    •*->«/!  2  U#U»  O  O 

OUOLO    »-UJ  LU  ■"  •*  H-  h- 

(VJ    »-S  — O  O  QtOC  <t  < 

w— .   »0>-«  2TZ  tO  00 

•.•4-    .«*— »  Z  ZQ  LU  LU 

•wh^O  <t  CJU*  Q.  Q. 

©00.0-0  •»  •■  Z  Z 

rsjto  »im  ex.  — ■—»  UJ  UJ 

<-<^-U.»  U  i-«rH  UJ  <_: 

KD   •UU.  <  — *           OO  U.  LL. 

ooro  »-u-  a:  m^*        lulu— «t-«^»-<  cj  cj 

— LU    ••ZtOf—  LL'  2Z            acix  |l    II    It    II 

i\ji— «•  *u_o  z  *  •■        u-u-^.acit^  c >  to 

^CO<MZ   ►  D  <C0          33  I—  I— 

w2r^-2T>-«—  Z  -  -           •>  •— «-*— i  o  o 

r>i  •—  «>2:o  «-*t\i  ©©r-f-i'-f-  c  c 

Q2HZO  0.  22          •  •mrnmm—     m  tx  at 

•JJ.C02  •■">  O  »  **         OO  +  ♦  +  +m 

-»H-<1    . -~  U  >M              •■  •.a.'LULULU    ►      CJ  UJ  «—                       UJ            — 

(\JZLL— O-*  _J  •  •"          ZCCTOO^CTvO      H  2  2                    2           O 

—*  oooii  i*~od  coco  •  •  •  •■— »r  <i  H-         4"     *t         l— 

"ZUOinu.  <£  22           22C\JCMINJC\J           O  —I  00                    _l           VJ 

>-U-    »4r\— ••-*  UJ  •»»             »•••••    «LUCjO  O.  — *  »-•—      o      O-      **l  '«  " 

hd-OC  Q.  ZQ           2QhHI-HI-h  •-•  ••^     h-  CvJ   ►(M 

•2V1Q<    a.  O  tOtO           UlV)00t30»H      —  LU  2-*Z                U.      2(NJ2 

— — .  »2toS3—  <<  <I<m:    •   •   •   •<X'0«-»  -J  »2   *     O     — 1        ""Z.   • 

X«tQ   ►X<0  —          Z  U.U-          u-u_—- — ^— 20   •<>»->0<M»^J 

-cjuza  -o  -3        uj  co        ooot»-ia:»—        &  J-  —  >**           x    -n- 

— '2tO<J— LO  •♦■           K-  OO           UUSSZ2— *  UJ  ^»  —                    -^ 

UJX    »»2   »<3*^  t-<—                OJ»-«           CO  —»"~           wQJUJUJHi-4    •  |_  h-      I— ~      •— •      S —      I —      »— 

it     a;  »--.oo  2»-«             2^         >  iH»h         k:2i(-)i-j  •  •</>  x  ctxct.       •     X     aitr 

20—  ©tr»<i  m<              »«»        to  >>-  I    I  _;_Jtj«c*tjicJOC?tL.  o  >i— j»z:c?     ty     >»~->o 

^-Q^-ow—i:  f-«xuj         «-«?<ixi  o.u.n-atKi'q.— —^*— uiui^c  »->  ^_j^:i—  uu     »-«     2_J^i— 

u1-*    otno<  n     3         11     3     u.i  z:E:22:>>tototoco  •  •>-«  cc  »- tj»-«to  •     cc     »-<o»-ito 

«-«</)2Ln'^ujtoo  •-•  11  2         "9  II  2     J-  a.Ub         aa  auaiajajujuji.  Ol(xo-»—  lu  Q.utQ.i-< 

I— ^C'— octr  •»  ►-•               •—    h-  11  11         <i<<t<ii<:ic*c  er  ^     a: 

Otuan_»cOU_— »  11  •-«•-•♦—          rsj— »-  jj          _j_j*-w^-^— — »—  \_)  _j_j_j||—      l_i      _j_j_i  11 

^£2..£-UJj_    »V^  <-^                    ~3*L        LU  _i  _J  ^  i_i  _J  _)  LL.  — I — I  _J                    U.        _J —I  _J 

_ji-«v_'cxu-— >uuj  uj— 'CJ          UJ-"" *UJ      t—  «j.«**/;v/«i<iu_u_u_u_luu.u_  <i«i<iuju.  <av<iuj 

LUOUJLUU*l>JU>ie.  t_l>-UJ             LJfMUJ       -J  UUZ2UU'-'«»-|,ww^>l-i  it  UJUJUJitl-*       it       UJUJUJit 

i-H(\40»«T  U.  UJ  UJ 

•— •                            l\J        2u  <->->  •**        1*1 


UJ  UJ 

UJUJUJ  OUJUJ 


258 


oooooooooo 

»J>  O  »H(M  C  1  >T  U">  sQ  Is-  00 

«T  in  irv  ifMnm  u  MfMfv  ir\ 


LDUUlLiLlJLDUJUJUJUJLU 
IVIQf U_J—» 

toi-<i      i 
uj^:    »-** 

x<-iC      o 
H-Z<IQ0O 

«•  auui  » 

ouuiuj* 

-  hz  ► 

— »     <_jtu- 
*o 

ai-     * 

*OJ       2. 

*e:i£JLCU(-» 
ZU!       OCQC 

orxuja.< 

.s      _JUJ 

* 

•0-0:2. 

-  Q-XZw 
<f>21_J   - 

•a     <t- 

-  <iuuo 
zxw 

-  »-•»— '   •* 


H-  I  0</» 1 

-  ZO   ••CO 

O  —• «sCJ-  C 

O  O      <-»<X 

CO_l      UQ. 

t-«  -   UiQCUJLL 

•  00'<13I 
O  OH 

UJ  -—  UJ    ••Uj 

•  X*   IXlxi 

UJZ  H-»-      U_|~ 

:*cr.  «a    -      < 

—Z3  2."-   »     •-• 

U.IVI  (_J            »-UJUJ 


259 


oooooooooooooooooooooooooooooooooooooooooocooooo 


U.'UJUJLUU<UJU'a'UJU"U-.U.'U.'UJUiUJUIU.  LUUJOJUJUJUJUJUJU^I^UJUJUJUjUjUJUJUJUJLL.'UJU-iUJU-ILUUJ'JjaHUUJ 

u.  u.  u.  u.  u,  u.  u.  u-  u,  ll  u.  u_  u_  u_  u.  u,  u_  u_  u.  u_  u.  a.  u_  u_  u.  u.  u_  u.  u.  u-  u.  u.  u.  ul  u.  ul  u.  u_  u.  u_  u.  u,  u,  u.  ll  u-  u_  u_ 

.S   •>«-•'—  uou  ooo 

— ouuco 

OOJX 

— l-il—  CO  CO 

COOZ   ••  UJ 

oo    -   . O  UJ 

J_—- »©  «£  I- 

Q-OOO  •«•  "J 

ooom  x  cc 

oinm^-—  o  o 

-»aou<r  x.  •-* 

O  «-* «  liJ  "-*  -J  CJ 

in— .c_iu_5<i  >c  uj  cnaH 

*o<3o'  o  x  srzizz 

OO   »   *3  CD  •—  — •<— 3I3UJU! 

<iinxHii.  —*-*  .^iccjo 

>.— 'OOO  CO  h-  2l«*£OOC9Cj» 

UONJ    »•  <l  <1  «JUJ    *»•••■ 

*<it-«ci.t—  zap»r»-M^ 

— i.  **~f(/)  co  3l  ooom i moi 

OOW  »CJ  »—  UJ  ••  »+  +  +  + 

<\j    •.X— O  Z  t—  OCttUJUJUJUJ 

«—— .  »om  uj  co  £Z  •  ■  •  • 

cooh->t  •*  O  >  oujmmmro 

•.»»■   ►^»—  ►-«  CO  Z'Oww-"-' 
r-*^0  U-  UUZ^ZZ 

oaauo  u-  u_  *  "oooo 

CMCO    «*Jfctn  UJ  O  #»-»»-i»-<t^»-i,a» 

^•<l>ru->—  Cj  atStCOCOCOCO    *» 

<».u.^cjt^  o  uj  — «—  u  ii  ii  ii  en 

•O  kju.  -»—  co  oc:a:>-«c£»-«  •» 

e?om  ""U-  ct  m^f                  Z  UJUJX2I2"2:<" 

— >Ui  »ZCO»-«  O  ZZ                   O  cx.<xr>Z3lL;UJ 

IN4>_— •    *U.O  I-  *  ••                        Q.  U-ULiT^lQLJ  — 

^OONZ   •"  <  <CD                    CO  220000- 

-Z'fZM-'  CC  *  ••                        UJ  *   *                        CM 

m  •—  ►so  uj  .- km             a.  oo— •———■«• 

c_)^:.-«zo  i-  zz  •  •r-r-r-r-* 

•u_coz  mp  ij  ••  *•               >■  oorififima 

—»-«i  •— •*-  zco  ^-^4              o  *•"♦■  +  +  +  2: 

(\JZU_— >0«-«  QE.  »  •.                      2"  ZTQUJUJUJUJUJ 

»-«  ooou-  o-uj  r*-co               uj  coco  •  •  •  »cn 

— ZcjO^u.  CJI—  ZZ                  O  zznifnpiaiu 

>-u_  »«r\w»-.  cjuj  •»•■               a  •»••••••♦ 

»-0— OO  —12:  ZO                     UJO  ZOI-I- 1— l~CvJ 

•*ZLOO<    ••  <I  COCO                    C£U«  uiviOOOU#0 

— — -  ►Zi/iZ'«  Zc£  <t<                  U->-»  e>«   •  •  •   •■«■  rg 

X>tQ    »-X<0  —            UJ<1  U.U.                            U.  UJU.UL— ~—»—»- +00 

<-(MUZQ.   »»0  •"•          Q-Q.  CO                    Q.»-i  2:oOH_i-«a:»-«ZUJ<\J{\l 

-*z:coci»— -coo               o  ♦        a  oo               oo  ouuuzzui  •+  + 

tux  *-7Z  •O'^  •                  •  — i—            r\i— 4            a.  —  «■»                ouj  ^—w^^jluujo— »luuj 

U_      Z  *»OUOOO           O  Z»-»               Z^          3EO  t-«^-«0      — IQ-  ••          ZZOOO        •   • 

zo«*otn<           o        o  »^-             •—        ujf—  >>- i   i    •        co  ^j-iuooow  h  hih 

^io^-oO'—'Z:  h  ii  «i    «o  ii    «o  hxiu        hxuj     i— <i  au-ftuo     ^.  n  «a.<i —•«—«-.>»*(— 

O"-*     o^nC3<l              O         O  ll       Z>           ll       3     coco  ^'Sl.'Z'Z          U-"y)  ^^  ></)</)  co  co  oc«-*  M  ll 

»-«COZmwUJC0^3UJ        H^        II  •-*  II  Z            •-«  II  Z       >-Z  ULtt.             II        C1.UJ  Q-Q.COCD0UCUC?5t 

i— ^:o— ccq:  »izq  ii     xii  •-«               •-•    couj  ii  ii         om  o        ««ur^-»— 

ouj2:cjcou_— >c_>_i— i     »-«c->     •—  ^<-*t—         (\j«^h-         u.  _j_j         t—         o  rvi_j_j>— <-»**— woac  st 

4ti.3rujx  *o»-«cuuj«~«a_»-<«-Hc/)  t—^:             «-'^:     012.  _i_i^.cjco     lu^  _j_j                     «*.«—  — «■ 

— »>-<>_/u.u--~tJa.i— ii_i  j_u.u)i/)ia-  cj-^cj          o,—*o     h— o  «*«*.v»u#u     h-cu  i_>«t*«  u_u_u-u.u_jucx.»— • 

u.uuu.<Ji\iu\a»ii-»a»-aa«  t_j>o         ljivicj     ju  uuzzu     ^j_>  cjv»;<_j»-«»-<»-»»-,«--h»#cjtcji 

—•(Npot  u.  Q-tj» 

<-•                  c\j     i.tu  2.UJ  n» 

\_ij_  oat 

J»-  <-U_ 


260 


ooooooooooooooooooooooooooooooooooooooocsoooooooo 

LuwujujijjujujujujujmujuJUJUJujUJUJiuujujiuujwujujujUJUiu^ 

oujolj 
2:     uj 


r\j 

1- 

-» 

» 

«•» 

* 

z 

to 

cr 

1— 1 

je 

«— ^^ 

-£ 

"v 

*\irsj 

LU 

1- 

•— 

*  * 

O 

*. 

^ 

*# 

CJ 

UJ 

•>« 

»  0  1 

+ 

00 

0 

zzo 

CM 

U.1 

LU 

LUUJ   • 

* 

QC 

at 

LJt_>^« 

■ft- 

a 

LU 

CJ<_?  II 

►— 

-S. 

♦  -rCX. 

o-« 

^. 

to 

* 

rvi<\J2. 

p»oo 

r-*         l-Hi-l 

LU 

t-« 

•**_J 

CU>U 

«-<CP 

U) 

Q. 

*■  *z 

CO 

uu 

O 

Q 

«— 

orao 

001- 1- 

OOHh 

w 

_j 

Z 

zz 

h  H 

t-l- 

i- 

a 

LL'LU— 

a 

OO 

a 

OO 

£X 

X 

CO 

UQ- 

z> 

OOOO 

UJ 

ccoo 

C? 

> — • 

U0CJ>O 

z 

ocj> 

a 

00 

U> 

at 

W 

ww   • 

0 

■  -»■— 

0 

"^*— 

^ 

LU 

v» 

^^O 

z 

■  1  1  ■  1  1 1  1 

z 

MX  ~|.|»  lf-« 

f— « 

— . 

O 

aj 

—    • 

<a 

—>*-*  1    1  00 

a> 

<!. 

-•*-«  1   1  -« 

»-« 

OJ 

at 

«« 

^«»-«o 

* 

•  •  •  • 

* 

•   •  •  • 

* 

a 

#• 

ZZUJ 

O 

OOOCJO 

O 

O 

a>cs<jo(D 

O 

* 

— • 

UJUJ    • 

• 

UULULULUt- 

t- 

• 

UJUJUJU-'I- 

»- 

at 

0 

it 

cjlj  at 

O 

•    •    •    • 

O 

•  •  •  • 

2. 

at 

■«■» 

uus 

>o 

33033LJ 

0 

>o 

LL'LU  LULUO 

UJ 

■H 

D 

UJ 

0 

**Z3— 

ro 

zzzzzu 

0 

—        fT> 

OOQQO 

0 

•-•    1 

Z 

rsj 

< 

.-•orzat 

II 

_j— j— 1— 1 

Oat      11 

1 1  _j 1 

O  1!    H 

ar 

2. 

2"z:cjz 

0 

LULU  LUUJ  —  •— 1 

—1-4 

•z    a 

.-« LULU  LUUJ  —  »-i 

»^>  1 

•  OD 

+ 

u_ 

O 

r)rD'-300^) 

CUUUOUOX 

OX 

OLuCDLU 

MUUUUOV) 

Oco 

ozz 

<\i 

H-t 

11 

zz  »zr-z 

1—  1— ••—••— 1    «Q- 

•a. 

mjq^-cj 

!_•-<»— >t~l       »CL 

•a. 

«o-j— 1 

* 

^ 

<_?<_*  cju*ir\t3 

0  •  •  •  »o  1 

0  1  «-< 

mcjtnc) 

O   •  •  no  1 

0  1  •- 

rouJUJ 

* 

U! 

* 

+  1  z  •o^z 

l-DQQUOOO 

ODOI 

•ft-    ».CT>Z 

h-QOQOoOO 

QDOco 

*cc 

1— « 

V) 

>•■» 

atac*!*— rg< 

Z^ZZ-H    • 

^H    «Q. 

»-«•-•  <\i<i 

ZZZZH    • 

r->     *Q. 

1   II  It— 1 

S 

Z 

uj 

zz  «s: 

•        H-<CJ<I<1^<1     «0 

•O-JU 

xz  •    *-"i_)<r<i«a<a.  »o 

•OJO 

to 

z> 

O 

<l 

LUUJ-— 3» 

— — xo   •  •  •   •«~^J 

1— sOLU     • 

a-LUI*-*»COC3    •   •    •   •(—  0 

1—sUIJJ     • 

Q.— . 

2: 

Q. 

X 

aoozinoa 

.    oooo_jm 

JfODO 

•-♦amoa-    oooo-in 

-iroao 

HOO 

0 

CO 

O 

00  «o*   •  1 

—  •  •  •  •  •  + 

•  1    +>£> 

+  0-H-    •  1 

—   •••••  + 

•     1      +vO 

•¥■    •    • 

•M 

UJ 

•fr-M-O^-i 

iOQOOOOO-Q 

— a^trn 

QwatOCOOOOO— O 

— a*.m 

coo 

H- 

at 

«■» 

ati-*  «e\o  •_}  •  •  •  •  twD 

mDIN 

I3<\IUJ    «UJ    •    •    •    •    ••-"UJ 

«mis 

UJ    •    • 

Ot 

i-H 

21  S.C?ZZH-ZCJUJ|-IJJKXZ 

XZOii 

ZZOt-OOLUK-UJl— LOQ 

woo^ 

QLUI- 

u?    uj  •     3DU.KIO- iou.uv)_je)-jQ.e>     aej»iiou)<iL5_iuuju_ju_iQ.c)     Q.e?»-«xQOO_j 

to    a  o    zz  »i-z  «z  •  •  •  •  «-jz     JZXuDZh^:  «z  •  •  •  •  t-JZ     -jzlooujz  •  • 

3  lu     CJCT•-,<.«.o<l3•-•  •-'•-•  ►-•uj^     uj<.ti.i-4^:<..<<ia<iuj»-iH-i»-i»-«uj<i     uj  <  a.  hq<i  »-«»-' 

11     \-  •    <-—:£        3    ziiiiu        a        10           uj    acocotoocj        cj        toei    xx 

1-.  J_—         3  11  HZ  II  _iaaaaw  11      -.  tt  II  u_^t  11  11  11  o  II  jaaaa-  11  -*»~  H  u  Q.^t  II  Q.U. 

in-*     z  r;—  iiiiz         O     lu  j_j_j_it/)     ajto             <i             o     <jj_j_j_j_jlo     i-ito             <.     _i_i 

j/   O  rXCO     CJ  Qt  Q  Z  •-<  UJ  LUUJ  LULU  CD  «-•   CUl-i^  II    U3  CC  CJ  ZT  >-  u;  LU  LU  LU  UJ  CD  *-*       CUl-t^  II    (-IUJUJ 

0—  <t  Mi— >*33<1ImDQGO<XU<II       II  DUJlLKt/itHQQDO^WO^ViI       II  UJQQ 

1—  ty     z:  —  -vat:£— •  ziei«-»u.*-"*-««— «—  «^«- »u.»— '— u.c»»-»     ^c_)cj*-'U.«-'>-">-»«-~-"'— Q-t— «-»q.lj«-«     cj*— <— • 
•«*  -»— «-.     00     -j                         —1         _iHi_ui-ie>ouv     _i                         j         _i«-tto«-*uv 

i_ji_       »—  U-Xii-«^^^u.uju-u.u.u.LLij.aJL;u-ajxax^:^:^u.ujijLii-u.u.u.u.uJUii-uji/!av/i^u.j. 

tyu*     to  M«u>OM.^^«u««iHM.wMuui^ua«a<i«i^K.ui-».ii-.i-i»-<»-cjU'iHUU,Ma<i>-.w 

ZJ  -< 

^j--j  ix>                                            su           r-      uj                                                          tr>           O      >-< 

t_i  «— 1      —H 

<l 

UJLJU,' 


261 


oooooocoooooooooooooooooooooo 
r-  co  tr>  o  t-«  cm  f i  "J*  "^  ^  Is"  ou  (7*  o  •— i  cm  n  »<■  u  ^  vo  r-  oo  cr>  o  «-•  cm  rn  «t  ir\ 


IJ'tl  lUJUJUJU  III  Ml  tLLMI  flLf'MI  lIX""ULI"  Ml '"  ■"  "-"IJII1JU  III  MJ  'II  "J  "" 

uuu 

CM  — 


V) 

o 

X 

Cj» 

o 

UJ 

• 

a. 

>». 

X 

o 

CJ> 

»■» 

H- 

•-* 

o 

5£ 

Z 

* 

«■» 

C_) 

*"* 

2C 

X. 

CO 

X 

1- 

t_i 

o 

IX 

2 

1 

v> 

C* 

UJ 

uu 

X 

1 

o 

1— 

u. 

W 

UJ 

ut 

C7 

• 

QL 

LP 

1 

l-« 

a. 

rvi 

• 

O 

co 

to 

to- 

•-4 

CM 

OQ 

tf* 

»— • 

rn 

M> 

* 

<I 

0m, 

* 

+ 

# 

+ 

X. 

c_> 

■•« 

<\l 

(M 

^ 

*■» 

*** 

•— 

—1 

to 

* 

* 

—» 

— • 

»» 

a 

l_J 

JE 

* 

* 

3L. 

-L. 

:*. 

w; 

X 

V. 

X 

— • 

»-  — 

»m- 

C_> 

o 

O 

LL 

(X 

S£ 

co^ 

2£ 

CO 

•«. 

«t 

C? 

UJ 

«-» 

CJ— 

^» 

X 

SL 

SL 

o 

a 

o 

oca 

C5 

a. 

UJ 

O 

-^ 

mi 

(X 

UJ 

^<t 

<. 

CJ> 

>v 

-v 

—» 

~*  1 

o 

oc 

s- 

i. 

a 

-» 

-» 

*: 

II  II 

u. 

~o 

o 

>»> 

*£ 

*: 

«-» 

LULU 

a 

3 

~>v 

>». 

m 

— . 

w 

o 

UQUOC 

CC 

* 

u»— . 

*■» 

il 

O 

u> 

U) 

-J  _I  UJLU  CM 

UJ 

^-« 

-<^ 

SC 

w 

<l 

<l 

X 

LULUCJLJ^ 

M 

U» 

»v 

«-• 

a 

2 

s. 

QL 

uaoo 

M 

COO 

o 

co 

O 

o 

O 

+~*-zza 

U_ 

1 

f-l<l 

<t 

X 

1 

1 

1 

*».<lt- 

I-* 

—cm  ».2: 

2. 

a. 

o 

o 

o 

«*»■  1    1 

*:-*r-Q 

cr 

a» 

• 

• 

• 

oooaov) 

UJ 

— • 

W-4  1 

I 

i 

—1 

— « 

1— t 

•   0305 

CO 

osr  »o 

o 

o 

■w 

««* 

«# 

OOZZ      v. 

7T. 

co-^>0  • 

• 

• 

CO 

CO 

<o 

•   iOO— 

O 

X 

•"- *<— I 

—t 

•-4 

CO 

cQ 

CD 

UJI-ZZ^^ 

Q. 

cl>t  *— 

-mr 

M 

<l 

<x 

< 

0_l<K    •«— 

CO 

o^cn  + 

+ 

+ 

+ 

■*• 

+ 

•    •            UJCJT      UJ  •— 1| —       J—      I—      »—      »—       I— 

►^•-i  II    ||  ZUJ       CC  ||  —   •</>       C/7       CO       CO       CO       CO 

coco         »ot.  i — ro    o    o    a    o    o        t— 

Q.Q.— —  J_U_       UJ  -vihuOUOUOUOUOUIIJ       CC> 

_i— iX2tcJ^     c>  j«:r_)—     rj     cvi     rvi     cm     cm     3     O 

ujui*-wn        <  w0     ||      „      i,      ,|      n      iiz    uz 

QOc_ict»-«ii      j_  uji-«o     CJ     Q     O     o     O     —*         a. 

— •*-coco*~         o-  co«-t— I—  h-H-H-i— »— l—  t— 1-»— |—  ♦—      ll  3 

J.XCO  i             CO       C/)      CO      CO       VI       C/)^C             J—       t_) 

•*-U>Q.U.U-^       f—  U-U-UJCJCJCJCJCJCJCJOUJUJUJUJ       UJUJ       ^ 

i-»i-.cj»«-»t-<t-i     co  c^^cacje)oci>c_»cycjoujci>c->c_)     u.ix     cu 

_j 

-J  lMOI>T       Ut       >U       l*»       UJ       U'O 

(_J  r^r-tr-l        —I        i-l        —4        r-t        — <CM 

<l 

CvCJCJ  C_>             CJ 


262 


oooooooooooooooooooooooooooooooooooooooooooooooo 
HHHHHHHHHHrvjcsjrsj(\j(Njojcvjcvic\ic\jfno)oioiammioi(*io>srsr>r>r»T>r>3->r*J- 


■»• 

•*  * 

+ 

+ 

+ 

+  + 

a  • 

O 

* 

+ 

z_j 

0 

O      Z 

UJ         H 

•t- 

-»■ 

■♦■ 

♦  + 

H 

— 1 

UJ»- 

K      O 

■»• 

♦ 

+ 

♦  ♦ 

COJS.         • 

4 

cu^. 

_JUI 

«1      Z 

+ 

+ 

+ 

+  + 

-JO      <X 

H 

UJ 

<X 

-JHO 

+ 

♦ 

+ 

*  + 

<Z      UJ 

2. 

CO 

h|- 

I33Q. 

+ 

■♦■ 

* 

▼  +■ 

H>-         (_> 

z  »v_i 

l-^i 

■K. 

UU-CO 

■♦■ 

f 

■»■ 

*  •* 

2.-J     a 

hum: 

UJ 

ou. 

_j^:lu 

"t- 

"t- 

+ 

•*  ■+■ 

OO-JO 

-j>- 

-JO. 

-SO 

<l»-1QC 

+ 

+ 

+ 

■f  + 

<:u.<i 

QCQ—I 

<IUJ 

>- 

O     ct 

+ 

^ 

+ 

-f  ♦ 

>-       UJLU 

Ui<U 

t->CJ 

-J  CO 

ujo 

*• 

>♦• 

+ 

+  •+> 

_ioor.2: 

ccc-a. 

sz 

oac 

UJXO 

+ 

+ 

+ 

+  + 

OZ      <t 

tuct 

(-»•— 

ollu 

Cth- 

♦ 

+ 

"t- 

♦  + 

lit-  UJCO 

cj«ao 

ri£ 

at 

•• 

^,       UJ 

+ 

■I- 

+ 

+  + 

K> 

002: 

>-UJ 

00 

0 

U-X 

+ 

■•" 

+ 

1" 

U  — >«a.uj 

»_»        M 

— »J_ 

^a 

LU 

_JC_»»— 

■f 

■t- 

+ 

+ 

jtaxi 

hK 

*JH- 

C_: 

IX 

<l 

^ 

+ 

■f 

♦ 

►-CO      H 

»^:-< 

O- 

OO 

»« 

Hwja. 

f 

"t 

+ 

•*■ 

UJ>- 

l/)UJ_J 

U_ 

uj.z 

^J 

21HCC 

+ 

♦ 

^ 

+ 

+ 

U-CCC«U_ 

»-aco 

l-O 

t^-t-i 

CJ 

ozo 

+ 

■^ 

> 

+ 

+ 

ST 

+ 

+ 

»>H 

♦ 

>  + 

COX       UJ 

na 

khoc 

XUJ 

JUOh 

+ 

+ 

O 

+  CL* 

t—i— acu 

OOJUJ 

U.IU 

H-O 

1/5 

QhhZ 

+ 

+ 

t-4 

+ 

2.+ 

«C        UJ 

H-Qi 

JC 

•      CO 

• 

2. 

Q.UL       Oj 

+ 

+ 

•• 

TO.* 

uju_hh 

— •• 

U-i!l»- 

U.U 

XU_<1 

>■ 

•«l 

U.Q.H 

t 

* 

> 

■t- 

+ 

ho— iO 

.?- 

LL»-l 

uu. 

0 

ae 

HUJ  OO 

+ 

+ 

•• 

♦ 

UJ  + 

w       Q-^C 

2. 

UJ      u. 

cc.     z 

ex. 

0 

ZO      »-* 

* 

♦ 

X 

+  Z  + 

MV)M 

_ 

OUJO 

COO 

OCOH 

0 

0 

<UQU. 

+ 

+ 

2. 

+ 

h  + 

U-HHO 

Q 

ox 

H-Z 

HH 

H 

cc 

H      OIL 

+ 

+ 

•-» 

■«• 

H  + 

U-Z_JUJ 

1-4 

\~z. 

^H 

ozo 

•0 

a. 

_JUJ<IUJ 

+ 

+ 

O 

+  i3  + 

UJUJDiu 

•» 

t-    a 

LUQ 

UJLUCULULU 

cu 

OX      O 

t 

+ 

»-• 

+  0  + 

Di-TZ 

> 

ZU.M 

hZ 

>«-"a:_j> 

3 

CO  1— COO 

+ 

+ 

•» 

+ 

ec  + 

OO 

*. 

••<OC0 

OUJ 

OUJ  CO 

CO 

UJ       H 

+ 

+ 

X— 

+  cn  + 

HHtUH- 

X 

tOI-      z 

hO 

UJhO<UJ 

aru-zo 

+  + 

—-* 

+  :3  + 

LUU.0U3 

2: 

CX_JOOUl 

U-CO 

XU.O.HX 

Z 

OUJZ 

+ 

+ 

tsj— • 

+  </>  + 

IU.       CD 

t-t 

UJ^CCi. 

UL<I 

H-U-OQCI— 

0 

UJ     z.*-* 

+ 

+ 

*.;>- 

* 

+ 

l-UJO 

a 

|-.V)UJM 

UJ 

U)       <l 

H 

i«iai- 

+ 

* 

•-« 

CM 

+ 

+ 

Oh-   - 

1— 1 

LULU3EO 

CZ 

U.OOU. 

f- 

»-HCL_J 

+ 

+ 

a  •» 

•> 

H 

f 

* 

>0     co 

•» 

as-aco 

OH 

oouj 

0 

O 

OXO 

+ 

t 

»-«<^ 

1-4 

| 

+ 

+ 

_J     coe- 

X 

«a     o-o 

hH- 

z 

u-Oujco 

+ 

+ 

•~i— 1 

•> 

> 

+ 

+ 

Q-aj_J2 

•> 

OCU.       UJ 

ULQ 

ZU IZZ 

3 

OO       UJ 

+ 

■+■ 

M'-' 

1— » 

i 

+ 

+ 

hX<IUJ 

••m 

<OOh 

•  OUJ 

•CJOQ-UJO 

LL 

oujcc 

•♦■ 

+ 

«-X 

Na • 

+ 

■♦• 

H  »—•—•—• 

ujz: 

Q.       Z<M      »-«UJ»-i      i-hQ»-« 

COCCCO 

+ 

+ 

— • 

O 

+ 

+ 

-J      5TO 

Oh 

C£»-t_j 

a:_j_Jcoa:KZo 

O 

HOlOLU 
Z      XX 

+ 

+ 

>-    •• 

> 

t— 1 

+ 

+  ♦ 

OZOh 

ZQ 

U-003(tOaCQZO-JUJZ 

Z 

^ 

+ 

CL  — 

2: 

+ 

+ 

+  ♦ 

ZO.ZU. 

UJH 

oi-zuo»-M«xaiKOauj 

<I 

UJU.3H 

* 

+ 

ZIh: 

H« 

X 

■► 

+  ■»• 

3>-u- 

z>  - 

Ulil^t-UH^ZUZliiZ- 

~o 

+ 

+ 

Q-w 

0 

2: 

+ 

+  ♦ 

Ol iuj 

OM 

zaio<t«-juj_joci-iuj     a»-* 

CO 

O       i/)U- 

+ 

+ 

rvl 

*-* 

»— 1 

■♦• 

•¥  + 

t-UJOO 

UJ—i 

0>VJOtU^r><lO>UJZQ 

UJ 

HZJO 

+ 

+ 

UJ 

* 

0 

+ 

+  + 

CCO-O 

0?- 

•-•    <    >    s:^       cd»-» 

Z 

u-x>< 

+ 

+ 

■Z.-Z. 

xo 

t-t 

f 

♦  * 

•t 

CL 

h-ll        II 

11 

II  II 

II 

HUJ 

U-VJ*-iH 

+ 

+ 

HUJ 

ae. 

•¥ 

+  + 

uu 

OS! 

a 

HZ 

••uj     a.;z 

+ 

+ 

v-*~* 

h  11  ir\  11 

♦ 

+  *> 

co 

zu. 

•— • 

OO 

ooujouu 

* 

■r 

-3  CO 

0 

+ 

♦  + 

0 

H 

OC          rsl 

X 

> 

oz 

DU1ZZ 

-t- 

■+ 

OZ 

HIVIO^ 

■f 

+  ♦ 

a. 

-J-J 

0        z: 

2: 

2. 

cc 

J-     t->o 

+ 

+ 

CC  UJ 

— i-H2. 

+ 

■♦»«♦■ 

cc 

_J_ J 

V/               »-l 

1-4 

•— • 

aj 

HUJ      _)U. 

♦ 

+ 

UJi. 

>-* 

t— • 

+ 

T  T 

_> 

<l«l 

Ul           u 

u 

C-l 

_> 

UJ  J.CO«_J^. 

•r 

♦ 

-Jl-I 

a.uuu 

* 

■»■  * 

a. 

CJO 

DtSI      »-• 

X 

«-»>- 

•-4 

CM 

i.H><XQ-UJ 

■r 

•^> 

VJCJ 

mhOm 

-f> 

♦  -* 

r  * 

t- 

H 

l\l 

OOOOOOOOCJO'-'UO'-'OOCJOt-'OOCJOOOOO'-'OeJOOOOC-'OOCJ 


263 


oooooooooo 
cr>  ©  —*  <\j  m  <r  u  \  ^  r*-  oo 
*r  ir\  ir\  in  irv  irv  mmuMfl 


u     ui     >—     uj-c 


264 


oooooooooooooooooooooooooooocooooooooooooooooooo 

i»t i__j i i t i i — i i — i i — i t. i — i — i — *_ j — i_j — i i i — i i — i — i i — i ■ i i — i — i — i i — i i^_i„j — i i i — i i 

aaaQ.aa.aau.aaiiQ.aaaaQ.aaaaaaaaaaD.aaaaoaaa.aLLaaaaaaaaa 
XX  XXX  XX  X  X  XX  XXX  XXX  XXX  XX  XXX  XXX  XX  XX  XX  XX  XXX  XX  XXX  XX  XX 

CD  CD  CD  CD  CO  CD  CU  CD  CD  CD  CD  CU  CD  CU  CD  CD  CO  CD  CD  CD  CO  CD  CD  CD  CC  CD  CD  <U  CO  CO  CD  CD  CD  OU  CO  CU  OD  CO  CDCOCDCOCDcacOCOCDCO 

•  H-                    LU 

CO  ••-«  OCQ      •*/> 

in  lucj  cu         ctcoz 

t»     >     _i  co  t_>»-i  or  — i     lu_jo 

^        Ul       IUIUI             VI  «-•  I    „£.— IV)        UJ  »-»_JLU  *-«*»-• 

Hi                    <ICT,>       COLU  UJ  CCUJLL>->LLi  J_  COI-«<_JU-l-tK- 

kzwiuh<ih     ^._j  «.>cj  ^»-*iiai|-  lu_s     <acc«i 

<io»-cr  aoi—  lux— i  •  i— o*rcc.  ^^H^t—  »  •  cj     x     i—  3 

cj»--"Z<i<i.     cjoj     cv)  *ccu     jz  uj         zcocj-*            e-ujt-     _i 

OH-»-*     ;>cuuj     o^cr  ujiNlou  >-^>jlu-<<.uj3  t-JJD- '<i 

_ icj«i«/j     nt-</)     uj  c_ii»-"i«-«io»-«  qlzcj«-»<->     ou  ^)aaa<i> 

Zcei-*-»~coco_jujcy  zj£     co  <o<         co3-»  q.hx(-»-uj 

IL>2Z      DD<XID  LU»-»»-*<i:Z  MOUI      Xh      uj  |-Z?COO 

uii-vii-'ujll      i.      f-*-  —*  U-ZX      lu  _j             •  _ I*£IJLUJ  JQUOt-^: 

z<xcjcjlu     x     z  at  niH«iii  i-MrfCu-ujti.i-.i-i  o               o 

iLUCJttZ       J-    ►-JUjm  LU  (_>  2_  .2- <_>  >—  XJELJ  — »X<1       CJ                   LJI-UJU-i— 

UJ>'<_)H-UL.<yJt~>-Q.UC  I—  Z              ZU  JU       CUOCC    »UJ  U-jCZdJOt— 

-J«-i      COO.Z       -JXUJU  ••  l-«UJ       Z>  <l       UJ<J.CUt— V7Z  O      LU            cj 

cd»-k-zx«uxcucjxk  z  cd  •o-uj  f/iOi—    coui*-«            •■cc-iorz 

OOwCOMK>CDi  S:  U_      O      X  LLi-«_Ja:U-Z-JU-  >OCt_)UI3 

ctmuuzt-<M         cj  >■  i_iCJ«^  H—  UI^'iOUCQUJ  t_>     _>»-icnu- 

o.->«-i    MUDh      •■cu  •»  \-     a  >>    cj<icj  z  lusi 

uj_Jt—     *^_i<_j  •cj>—  _j  u.     >-u-iuj  tree         uj     im**  ujuj         _ju- 

— •            u.h_jo-»-»uj^)<uj-^z<j  x  ujzjoo  ujCjUj>-or.uj(x  djujuzo 

O                  X       a.WJ_U->CL.S»-«l-«  ••  CDLJh-UJZ  CDU-J-Cfc^UXi.—  <J    •  X*-' 

j-            »-.>^t-it-ih-     uju>Lja.Qi  _j  a.»-.rfiLu*i  2:     »—  «ii— <_j->5£.  lu    h-oujoc. 

or     _i     >•    lu_j2.»-  x  31-mux  dlu     w<i  oror     axiu 

>           Lu<tcra  Zc»ro  or  lu<t  to  ►  zu<^xu  zzlu_ju;i—>z  xa.  *i-i-co 

or            >aoxo<h    coacui  a.  zlulu  mzhil    a:o           zujz    2. 

O                 — 1|— >*X'       QT         ■"      Oct'  •-•  U)Z3QC       Q  UJliwX       LL«*i-«  UJ       COLU       3 

cy            umo     coh-cocoujcj  »  xu-o-luz  xaru.31—  o»-«h-  illwo  «z 

UJ                COCDrfC      CJe-iSlt—  -JOLLU  CO  H-            CD«-  KQlJJ<3      — ICJ  K«-«3      «*> 

l—                 ul<i  •zaxzxu-cx.  x  ujv»  cj     u.o«-iz                 oc.cr._j  » 

<».                 U*a       X^30CCtt-*3t.       <l  ••  C)^t-H|—    •»  l^&       ^hUJXD  Ci>       LU»-<<HO 

cj             h-     H-ao<icy<i<icr  oc  z»-«     cocx.  zh-g<i-j;j^cu  z  •j.lui-u 

*«                     Zi-«CUcO      OOIXCUCO  •»  •-<•— >3UJ  i-h      {—       0_J<1  t-iCOl— xoc^ 

Q<U           LUOil—  LLiCDUJ  <  ZU<SZ  ZOO      CO      <      Z  -JCUOKJ— •— 

tD       t-    •CtCOCLCO       LU_J  |—  >-«UJZ       Z  «-iLUX<_l^       •"<  _JCO                  CC 

V1U-.J-3UJ       COZUJf—CD  Z  U--J       C/><  U.XCO       <t         •  CO       CJLU|— 

Z300.    iS>DClL'Z<  »  LUC0  +  »—  21  UJCOi—ZZUJLOO  CCO.    »Z_J 

Xi.O<lOOW«-«M  Ct  QO       I—  OwSOOIUJUJ  t— QfX<CDUJ 

LU— UJ      _J2!           —      ct  Q-  CO                >S:_J  3      h-i*-»I— VOI—  ZZ2-I      «--J 

Z2.     cu         zh     x<t  z  a-     »—  aiZM<  »—     >i— k     co*a   •  cjQ.o-cococu 

Hj>-aowoi-<aa>  •>  uj     zjx     _»z>  3oc<cjQ.ujujr3o  cj     xujlo«-* 

1— acor     ZH-i-4Cjuja  >  »—    o.|—  2:     co  a.uja.zc^>Qt— jct        cjcto«-«co 

r3*-i<rCJ<Z»-»-«COU-»~  <I  UJ      Z      XJujD  ZCO      3      OCO-TUJ  C£hhcDh-.s:<1 

oxencj     ihu-jdccz  z  a.     »-«u-3:co  «-i3Luu_aiujo>,vJ  lu»—     j—  ccuj 

0C<l|-XCC:<tZQ-      U«UJ  »  <l           CJl-'Uiai    •  X      XVJCCUl  cjco>qcuju. 

coi.i-<t-ujo:x52:ujQ.ci  >  a.     a.     x-lxco  accu     »—  t-  cou.     lu  ujcjcdluo. 

X                Z)      COLUO.^-U-1-hX      Z  Z  <t      U\JcO<THh-»—  LUX>Z      C      UJCO  h-Z      >      X 

-j           coocor3:Q.co        1— ocu  *-  cl     oujs:        z  ot—  -j«—  ►    zco  zoo    aro 

Q.                    0<      DZOO      h-O-  UJ— I      U-ZX'  LU      J<UJOO      >-  »-i<LU>a 

x           <—    x    02Z>    lu  xx    t-cn    i-.»-i2:  s~co<oczh-»-Q<        wozzoc 

O                        OXICOO»-<ICOZQ  _l  Q      Z<1"           LU  ZU'CKO     ^-12"  KQD#      X 

CD               i/)Sh — 1<                     CJZ  X  >-4»-iUJ      ^.Y-  MJMWQD33  3      CJCMXCO 

»-<0     x     k     zot-**-"  x  z         oct-  «o<c  caa-z     lujo>  xctcj     ui 

cu              zhs:qw  ioujh  o  o    z**o«^cui-  zoacwoii  zoccn<iz> 

z           XMoaujowMHauj  cu  tx    ozcmcjco  <•—»—  o*-»Z)</)toz  MU.a^tuz 

l-»                 _JZCUtJZ*-«UJH-_H_»X  i— 

»—    uj    a.t-4-^    i—_j_jcjx     »—  _j  a. 

3      CO      XJB-CDLULL.OUCDZXX'  _J  I-.  >  CC 

a    o    a    DxuijoDiu.    uj    -a  or    >  <  x 

a    u.    cu^coK-o»-'»-.u.co»-a    o    cj  u    z  z  z 

OJ       ex.                                                                       <l  CO 


UUUCJUUUUUOUUOUOOUUUUUUUOU'JOtJL'" 


265 


ooooooooooooooooocoooooooooooooooooooooooooooooo 

C»^QMcv4P>>TU>>ui^Luc/»Q«M)c\io)>rLn>ur^cDCJ^oMCsjr«>>^ 

^tfAu^Lnu^uALnuAunu^Ln^vo^^o^uvo^^^^r^r^i^f^i^r^f^r^r^r^ 


aQaaaaao.auQ.aoaaaaiLQ.aaauQ.aaaaa.aaaD.aaaaaaQ.aaaaLLQacL 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

CD  CD  CD  CO  CO  CTJ  CD  CO  CD  CD  CD  CU  CD  CD  CD  CD  COCOCOCOCOCOCOCOCDCOCOCUCOCDCDCOCLJCOCOCOCOCOCOCUCUCDcOCUCOCOCUCO 


LU 

• 

z 

« 

•» 

X 

to 

au. 

F-4LJ 

ct 

or 

—1 

ar 

•» 

O 

LU 

1-  1         »-«u 

II  UJ 

UJ  1     • 

uu  1 

O.LU 

UJ 

«c 

c_j     -a.     M- 

N4 

VI_J_£>'f— 

U.CJ 

o-__;x. 

jsz 

1 

t— «•—) 

u-Z 

CJ 

LUO  UJ         CO 

or.tj 

tt«o«iu</) 

I-><1 

o.o_J 

00 

-£ 

Z 

CC<1 

LU 

•-4 

-C       QCK-UJ 

LU»-<    •• 

Huaazu 

_l 

OOO. 

-jl-j 

M 

u 

•*-2. 

CJLU 

>- 

l_J    ••      LOCU 

CUh-t^ 

LU       __>0__J_J 

U.Q. 

X 

»— • 

U 

LULU 

-J 

—lOCOLU 

2-cr  <_i 

UJ       <1LL.— 1 

»-HJJ 

LU>-0 

UJt- 

LU 

i- 

LULULU 

»e> 

—1 

J       H-iCDlU 

J3lu*s: 

LUX                <a 

ae 

X»-*tu 

Xw 

a 

•«a 

t— 2.CU 

L-l-dLO 

0 

<-   •         X 

_c^»_j 

J_»-    »UJLU^ 

t-L_) 

KO 

<x 

2: 

<o 

z<*< 

to  • 

LUH-LUH- 

0 

K        OX> 

•LU 

•-> 

»-• 

or 

ortoi— 

<II 

D 

CO_Im«X 

2->CO 

OLUt~HHU_ 

OCO 

O-JQU 

e-_j 

to 

i_» 

LU       l_» 

0 

<IU_ 

— ■     •  -S.1—  C_) 

L_»Z 

•Z"^     »-x 

^       • 

Z". 

<cu- 

-£ 

u_ 

s_»-«i: 

UJ«£Z. 

(-1 

<L        l-l       _£ 

CJ*UJ 

«>»-hi- iLI_«-Jh- 

•——J— 

MXU 

♦-!?< 

t_» 

2 

IU4£ 

-u_>o 

U-_£ 

«-"«l_IX<X 

_£t\JV» 

<T»—  JUUJ 

2.-J-T 

(—LULU 

>-lu 

•— i 

•— • 

►0    <. 

x     5: 

OUJ 

or*-    »- 

d         OJ 

Zor<l     -32 

2»-<* 

»~      oc 

1- 

1- 

LU      CJO 

(JZm 

X. 

(—  iCVit-t    » 

CCLL.X 

+  <a.t—t/cu»— ) 

<l-C— 1 

OXLU 

_)X 

« 

LU 

-JtOZ 

<ILUZ 

to  2. 

•-•3Z 

Oh- 

^»H— 1— 1— CJ-et 

Ct       <l 

aut- 

0-0 

-J 

2. 

0U>-OX 

LULL"— ' 

LOO 

U-WX       2. 

I-- 

zv»-i__;     t- 

OCOLU 

z  j:-j 

ir<i 

— i 

<l 

1-4       t_)LU 

CCCD2. 

UJL_> 

L_)t—  0-2.J- 

LOX-C 

«_:Ui2L«£    • 

OUJCt 

*->LU<[ 

t— Kj_i 

<l 

to 

tflXU.(- 

QCLU 

-J       <* 

C£_u»-< 

h-0C»-2.OLJcr> 

QC_J 

--» 

— » 

J> 

«*.uj     a. 

W«'-J 

v_>u: 

UK-A.  «_.U-_r. 

w-*X 

«"l_J        U12.UUI 

UlUJ«/) 

->        ^» 

z* 

LU 

LU 

LU_iLULU 

»-«<<l 

C 

uj^uiaM 

LULL.!— 

<U.UJJH       _j 

<L«a; 

k:  »*-j 

<c  •» 

X 

u_a.cu  j> 

xo 

U-tO 

co^xo 

2.»-« 

UJ       CLLUi>:- »CU 

cc»-« 

LU»- 

UJ 

1- 

K- 

2. 

—      0 

Q-i-t 

2.       ISOLUJ 

tXJLJ-* 

JZ         •-♦©••a 

LUCtCJ 

I--IX 

1— -i 

2 

H-Ot-< 

<ZJ 

3Q-      Q.O 

XO 

»-i->z:     ►-• 

0<tLU 

CO  CDO 

1/liLi 

t— i 

— 

OOO 

f-C 

LUO 

ZUJ          -1 

h-    1- 

hOOZ        •O. 

m>cc 

<r<^. 

«tf<r 

<a 

O 

Z      ZIL 

z«-«< 

xo 

CO   «o<   • 

JO    • 

<Ii-iZ       UJLU< 

h-      O 

LUH-.-J 

UjN-t 

or 

LUZO 

— H- 

I--* 

luooz>co 

iu<fz 

Ct      H-XO> 

ZKh 

_j  a:  to 

-j  a. 

l- 

• 

toj-<l 

oe> 

X         UJM<         X 

~z>~*      • 

DOQWh    • 

»->z-o 

«t 

<x 

to 

J- 

MlXILJLU 

LO_£Z 

aia. 

|~LUt/)-JZ 

H-JJ—  V»0! 

LU       LUCC            > 

LU 

S->-'J 

»-> 

-c 

0 

— »       —1 

-W-JM- 

00 

xs- *az 

U_»-«»-«>k 

_2ujuji-iu.^ce; 

_!_._) 

*«.     ac 

<i 

<_j 

• 

Kaxj 

<ILUH- 

<t 

_£♦—         <IMH 

U-^C          • 

o_)-£u-uj*a<i 

<li_— i 

l-<* 

h- 

u 

Z2.UJ< 

*H          O. 

ceo 

O      COO»- 

LJ^-^Ct-^ 

H»CU                   «C»-t 

-CLUI-I 

uz 

oz 

or 

»-oi-:> 

UCLUO 

H-in 

U.I—      01- 

CO»-i^LUtO'-»_J 

00.  »- 

UiLULO 

LUU-i 

»- 

Q- 

oucc 

t-»- 

kn    ujzz 

CLULL> 

Zt/XXUJ      1-. 

N-.LUCO 

ZOlil 

zo 

M4 

tZ 

O.      LULU 

•        H-lCJ 

0  •* 

*->      oXJh 

I-XhhCO 

uj<izt-t->x 

i-a- 

ozo 

az 

Uh 

*-->->l-ZI-Z 

H-m 

2:    OI-U.U 

t- 

-ruj         «a<to 

CL2 

»-HUJ_J 

«-*LU 

m«oz 

_JtO        I-.OOCJOHH 

C\J 

I-*    *0            D. 

J_       —O 

mU-K   »Z2< 

Oh- CO 

tOQ.-I 

too. 

jam 

«jorLu»—  or     lu 

to 

-JZNOUJ 

ido  «uj 

O      tOXi- 

LU 

ZLU> 

2LU 

Q-H-X 

MHjuoi-n  •> 

LU  II 

O      h->Z 

o.z^o 

<l<jQOU 

or  luo 

LUO 

LUO 

2.0-5 

t— XCULU-*»-«CUt/> 

X 

U.I-<U_       ^-(_i 

21-4    <t. 

>-       -JQ.O.ZZ 

OX-J 

IZh 

2.2 

MQ*»«t 

•-)      »-i-5  1 

-LC-J 

to  or 

Of~OCO|-i-« 

^-C    •__! 

<Z      XO»-i— 

XK<1 

Ml-  O 

MM 

K 

2LUl/'ffiW-M       «a 

»-«o- 

<l    i_<_?l- 

0»-0- 

OtHiUiODZD 

> 

O      O. 

O 

LULU    »o 

n*X<ICU-»_JUJ»-« 

JZ 

t~_|UJQ.UJO 

Qf-J_J'-U 

o:<iidomz 

l-U- 

xz 

X 

Ol>a 

t— LU      O       XOT 

^>^oo-?-i 

UJUi     »£X 

<n—h-        <a 

000. 

>CJ»-i 

>-<_> 

H-  -IH- 

LU       U-LU-iUJl—  1—    • 

oru. 

U-0-J»-CDO 

CD> 

z     2:uj2:a. 

a.     lu 

<1<C 

<X«q 

CC 

-JO 

XOC       IUX            O 

LUO 

_2_J<iLUO«/> 

XLUQ_UJ 

JO       UXLULO 

ztoo 

ccuj 

ac  uj 

LUZ<tO 

KUJ<lt-_l»-Z>Z 

to 

H<>a 

DQ      CD 

•«_•<_)    •CfKQCLU 

t-HUJLU 

or       • 

or 

_o*-»z 

1-        1 

1        UJZ3 

OLU 

0        00 

Z        • 

LU       ZtL            0. 

OK 

<z- 

<z 

2T 

OUJ 

LLU-U_U.CU.X-K-  O 

u 

Q.       h-_JLULU 

ZH--J 

acti-a     Ziuu: 

t_JZ 

n»- 

0 

00»~>CO 

•-•<  i—)»-«2 1-4  3  cviLU 

LUi-h 

UJUUUZZ 

-ImOj 

tO«-iZ*-XO 

UJ<£»-« 

-1     z 

-j 

zujo- 

XO 

ouat-w 

<        •»-* 

f-o»-a:<H-o 

o> 

<o»-. 

<o 

CmJ 

^*^--**» 

<•<* 

»-x 

a'i-<ii-  <j< 

ujO      s 

z>s_<ro»- 

UJ      X 

UJ2< 

ujz 

OOO-J 

«-4t\im>j- 

LH>0 

0 

H-      U-ZI-I- 

Q.LU    • 

o.     jhzauj 

t—  UJH 

oroor 

aa 

ZJOm 

LU 

ZZUJOHt- 

too»- 

Z>DU1UZI 

Zlw 

ov- 

a 

<0<3 

»-i<t 

hwQu« 

<lOw.~l 

MZUCfU<H 

»-i|-i 

<ajto 

<[CD 

to 

a. 

O 

-J 

Z 

ac 

X 

1— • 

X 

X 

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 


266 


oooooooooooooooooooooooooooooooooooooooooooooooo 

_j  _j  _j  _j  _j  _i  _j  _j  -J  _i  -J  _j  _j  -J  _j  _i  _j  _j  -J  _j  _j  _j  -J  _j  _J  _i  _)  -J  _j  —» _i  -J  -J  -J  — J  -J  — i  — i  — i  -J  — '  — i  — '  — i  -J  — i  -J  -J 
aQaaQ.(j.aaaauaaaaaaaaaaaa.aaaaau.u.aa.aaQ.ULaaaaaaaa.aaaLi 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

CO  CD  CD  CD  CD  OU  CC  CO  CD  CD  CO  CO  CD  00  CO  CD  CD  CD  CD  CD  CO  CD  CD  CO  CO  CD  CD  CD  CO  CD  CD  CO  CD  CO  CC  CD  CD  CC  CQ  CD  CD  CD  CD  CD  CD  OU  CD  CD 
V) 

uj  r 

CU)  <_)    •  O       ID    • 

IUJUL              ZOH                          •-•    •«.«.  UJ 

_Jt-<l           3X      2           C3— "UJUJ  UJ           uj 

cDi-i            u.         a.        cc-sxt—            uj  x     oooo 

<Z(/J                2       -J           l-LJ.*UJ                 J_  I-  I  Z  — 

^ouj        luh*    r-        z— j— :t            >-  cca 

lj<i^j         i»         uj         UJUJ     «i  z«a»-«oo 

V)2._J           »—>—      *           «_)CU      CC                 U-  •— »^h-UJ 

<     <          HO          ••                •<        •— O  O-J 

luuj>        ua     zo    u.i»  coo.     xcj  Zhzm 

ctct                   UJK-       «_»^        _1<-J_J             UJUJ>-  JC<£.P««. 

<u-         -jj     u.«-«     cuu^.^:     t— cj^  ljuju-h-i 

uj     ~z>         ouo     -J5     i-*J-»-icc.     cruj«i.  j_cj     ex. 

vaa        u            o     vn—ctzJ     ujuj  ui2H«i 

UO^:             i—     O— i     <uj*~h-     >cj-£  cuz:> 

O*"'*-'          UJZ      UJ_J      U'ZE      UJ           Xh  ZO-i-h 

XX             X>-»     KO     u--  -  cc     I— a-'  OUJ<r>- 

«jjc             »-cj     <!.u.             -i       •«/;     cj  »-»Cjcccc 

•            a.     u>        ctuj.  _ixa<uj  i-z»-<t 

—JV.4L               U.               CJUJ        LJUJ        «4.UJl_ih-<C.  \»»»-»W)l-« 

XUJLJ           UZ      CfcX           COCCZ.I—  JS.X.CC  JZ      Z-J 

ZJ*~                CJ      Ct»~      X—CJCCOL   I  -"ZJ  3LJCJ>-« 

CJ_IK-             — M       UJ             *JJ       U-OUJOC        h-  LLjSCJX. 

z«        >ri-    »-u-     i-t-    z>u.i    uj  i-     a 

<>_j        *o    zo    cforo        o  •oc  uj    t-<t 

cj        — i— »     >-*        uj<tujujujzo  >uj«-i 

3l—oo        <o        uj     >»—  ox— ioujuj  »-icc<~>co 

xo            uioo     u<z        wZKco-iiu  k<»-<<i 

ZU    •       CC             CUU       UJUJ<1       M|(J  «_)       -J 

J_       UJX       —UJ                        -JOL-UOOCOOO.^  UJUJO.LJ 

H-    M— — i            J-       OCU       CD       UM<IZUJ<1  "XliOl 

cj^cja.     ujh-     »—  co     M«i2     uj     cc.2.  cuujt-'t- 

coujujx     3                    oo     3oou-<  ax     < 

>Q-C      -JO           —I      <CK      h-»           OOOO  H-OIJ 

CO-iXCO       <H           •-!       LUOIDXO.Q._J|-  ID       -£_l    • 

UUUJ           J>           ZtH      U_      3*-CJO<»-— I  X      K^"—      ""• 

u_           >           e>      Ct3           {—  _J      _J_li-*IJ    •  t—    •      >           <M 

UJUJCD       UJZ       ^             OCt<l       UJIJJOCOOOO  «*OU.'-       —» 

CtX           Im      (-ct      Z<>-»KUIIU  00XZ      X      -J 

••<ih-Cj     h-lj     ujuj     i->e-     O'JJUJ     ccv)  uj—iuj—     x 

UJ          UJ          Z      Cfc»-«      U-OOZ'-'CJOZ      «I  iviuj      ct;uj        * 

K-UJjXCt       OOLJ                                      0+              UQO  ►-'U-     ►^Tiii       — 

ozouj     —a.     a.         t-u.it-i>»-t-     ♦-•  X     —             cm 

zcj-ji-        o    o  •    oii-zou^-juj  i-4^:r\jxz    «- 

ZUJ_I      l-UJ      CCX      ZI-O^ZZ^O  ZU**UO      3 

co«a     ^cc     ac-j     z     z^0ZZi>O  »-«»-.x»-»»-«     x 

•U-                 CLCC      UJQ-      <J|— 3  II  <t<I»-»      CO  5;»—      XI—         •■ 

— i-iCC>-      H-O           X      U<lLZOOJ      <       UJ  U<J3U      -» 

I-      C-J      DO      JCO                                                   O  UJZ          z      »* 

ZOO     I-     O          UJCO                                   UJ          <  -JZ3— — 3     — 

»-4UJUJX                ••       CiJ              r-t                                      I—              O0  Q-U-r-t^U.        00 

<iD>o    ooz     a>3:      i      o    -^<MfT»a        3  2:     «-»«■»        x     to 

cc_jo>-<    ho    »~o     ii      ii      «  ii  ii  z  <i_ixx_j           onom    oo    c?o 

»-<CQ_J     Im     zee                                              U-  X«l         <l             UJ  •  «co  •  «oo  •  •       «o 

vixui    i-i-    mu.                                       o  ujzooojz     z     jhoi-*u>oi-oo    mo 

acUJ     Lt     u     Vi>         •-♦         »-•  ngo 

uj  oouj-j— uj     >-4          ii  ii  a.  ii  ii  3E  li  il      >*tr»inc\j 

Z         cc                                                  _j  •— 4t— .  cDf«i|~     oo     o         i-i         •-•               •             rvio 

s:        uj                                         a.  xx<— x    z    z— — -j —- »_j— —    o>  n  11  11 

>             HH                                                                      3T  ^UJl^XUJ       UJ       i-Ht-<CM       ^*tM       -<t\J                               II    || 

«i  a.     i—  *-«-*cc—" — 'Cc— —      ii  <icx.^ 

x  i-*     ccoo«/<uj_j_juj_j_j         i—  u.<i^u. 

uj  cj     qxxo.xxj;xA     o.zz^^»-' 
H-           CL           U 
v»           _j           _j 

l_>  CJ  o 

uouuuuuuouuuuuuuuuuuuc;uouuuuuuuuuououuuuc;uuuucjou 


267 


CJOOOOOOOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOOOOCOOOCO 
^♦T^^^r^^LOLn^LnLnuALOutvu^^OvO^^^^^vor^r^r^r^r-f^r^r^r^f^co^ 

au.ao.aaaaaaaaau.ao.aaau  aaaaaaaaaaaaaauaaai-i-aaaaaaaaa 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

cDccaDcDcLcuajajajactxjcc  cocDo^oca^cDfficocococDCDODCDCcaJcococca^cbcoccaocuasajcDaDcucQciJCLicoajcQ 

CJ 
LU 

*  uj  <->cj    oo 

-»                                                                                                                                                                                      X                     <!UtCO_J 
X  I  I-  ^.U lh-l-»«-« 

ir>  a.  i—     uji-itLO     <t 

••  »-»UJ      Z^O   I  x       VjXCOLL. 

i—  •  *y>^.     »-<cxzi—     »-<_jvj 

•  LOO  l_l       X»-,tJ  •  LJLULUl/) 

t-i  ►-  x^-*i-»        •— »r— vj     ux 

*--~  Z-J  <.  £X.»-.|-l-4       _JQ- 

^U>  »-*U  U.       U.VKIUM4XVI       li- 

•#-«  <l>-«  l_JJL«_M—       t-»       UCUJ^jI~»-i 

~»  •    ..  co  I-     zvij    i-i-o^e: 

o£  -  I—  ^.t-*s  «— uua   •toa  «-«LU 

LU  «—  </>(/>  U3XOt-^^2UJ>i    • 

•x  II    t|  Zh  — '       LUQ  «<IU'UJU33>UJUJUJ 

~    — »  o  »-o— j     z     »— o     aoJ 

z     h^ct.  ot-  u-2:u.a_i-i>-a:     _ia<ruj 

x     <— tu  z  <i»-«a.oLjajuj»—  <i     — »»~* 

J-       \J>*—  h-«->  —  UJ!—  UUB        ^HHU.ai/1 

•>•      X  »-«<l  ^  —  <tQCOZ<_iO      1_>J—  LJV7<1 

„J       ■— •"  UOL  CU  <IS   <XU-UJ— J»— '•— i       f-<UJ 

x  •»  •—»—  O  «*i  r_j»—     oh>'i_j<i_izcjc_>u- 

••    (~r-  «jto  »—  f  zt/)<        z:-*a.h-t*" 

3      <   •  Q-Z  "O  <  e*Z_?f— Z      OtOUJ 

x         m  i.O  o  Is-  XZ     o»-»»-«— »0^»-'X 

»      Q.-«  ►-.<_>  O  •  Z    •Ol-iUJCDZ       <HIO 

a.     ujiu  *o  oo««.H-t/)     k*u_»-«zi— o 

w    h  *  cji—  —  >r  Hzauaai     utrtu     uj 

•— «.^.»  ^**  •  «— «  co>— ivnuau- j     h- o^-oj 

coctLJ  o  vO  ■"•»»  22.      _JCt<l<iz          ct 

XLUUto  "-•—  —  ai2.2iusa'-uujai<iv) 

•m— i_j»— «  »-i_j  •  eg  H<U(^a(/!aMin/x 

CC   *■  Q.  H-  *  XCti-.  KKt-l-^X 

••ZCOX  03l  O  •*  LUOtO>COX       <t  LU 

<;2.i-.3  H»-i  •  Z-»  OZOJ|-.X<1_J   "i-OX 

K>     -i  lu  O  •  zarai     x»-     QOOiutu 

z  •+-<!  ^>  —  «-«m  <asDt-    co^a«crz»— 

*-»Z>  Z  Cn      Z  |—  I  i-Ui      ZLU>»-X      QC 

ct>rt—  t-<i  — •    oc  o—  i/icat-afi:     <     xuj 

a.  »>oz  lu  ojx     .3  z«-«  >-«<i  i  uoiw!ujujm> 

«C-ia.LJ  OOU.  X       CM*-  3—  OIZ3U.KU.JOU 

on     _  N4  *  «xuj  xx  <_)Z     a:     »-iaicot-<z     x 

^i-iujt—  «-»cr  i  at  —  uj»—zt—     :s(_)nh><i  «x 

<t  i-iu  •«-»  mu  UJ  I  J — it—co  •         co     »— ooi— 

CO  II  O    ••-«  >    •  t—  ZZZ</></7UJCOLU 

U.'li.KOOUJi-'OttHUJ 

zozoHwia<QMM 

XQOLOXX      OCXCOCCZ 

LuoaMixo  occkxzj 
—IX  •u_o«-«> 

Q-H-UJl^UJ>V}      51  CJ 

*.iu_JUj_j_ji-a  u — itu 
ex  aao  cos:  zuj  oca  <i»- 
o    «-»>-«^«w»-t5c.u;    «-,<« 

XOOK-^LJ^O       X»— UJ 

uj  uj  <t  q^  <x  z  rx  uj  lu  _i  h-i  a. 

l_iaiiimi<hxZ<ZUJ 
i-au.>u.ciV)uux»-,ct 


OO  C_) 

UUOUUUUL/UUUUUUUUU(JUyUL;UUUU(JOUUOUUUUL,'(.;U<JUUUUUUUUU 


•^H    3 

|_X 

CM       LC\-^ 

►-(3> 

>w        X 

z^ 

m  «o  • 

1 

ZOO 

"ll  1 

!*-©CMO 

— . 

o# 

—  X-  X 

X<| 

•      CO 

X^» 

UJ 

^  »x 

-aiu^ 

#-•  «r~-  • 

^»>r 

-jm 

X  —  "M- 

xt-oo«- 

K    «'U 

LU'-' 

CD* 

_l       ^v 

5CV>       X 

*_J»iO 

XX 

o* 

X— .>*CJ 

ZOC 

•"»s    • 

— » 

x^\z 

oaz- — 

t-4       t-< 

z 

X(M 

LJ    •«'-*<l 

-co    <_>•-•<%» 

X.<~X— 

-CCJ 

X>— 

co>o 

U        •^i«— — 

ni     »r 

o-^ 

f-X 

— »- 

MllJQl/JXXO  H  — -  II  — 

«-*z 

!-«/) 

«-z 

Q 

_JX< 

i-t-xz 

X      X 

ex 

i-^ 

to  1  oc 

CD 

-ji-2:- 

a. 

O^ll— UJ  II    II    1 

n  — **■— *- 

ll  _> 

<_>UJ 

•—     -J 

-L. 

<l»-«CI.    * 

»_ICJ 

-i.z?<ia. 

n»     >r 

»— 1_> 

iS.lt. 

II »— (-J 

t— 

^tX.LJ'V. 

r-^. 

_>  _J  _J  l-i  t^  O  J  UJ  **  U_  **  U- 

aia'^ 

-Jf 

V)LL'UJ<^ 

UJ 

jCU-^» 

</7UJ 

U.<lUUXXXXi-XH. 

iam 

LL.LJ 

>— iu_a.uj 

i. 

t-4 

>»-• 

X 

268 


OOOOOCOOOOOOOCOOOOUOOOOOOOOOOOOOOOOOOC5COOOOOOOOO 

u^u^c^crcpcr^oooooCJOOOOt-*^— *^— *^>-i«-««-i^cmcmcmcmcmcmcm«^ 

i  f-i  rsj  c\j  cm  cm  cm  t  \j  cm  c\j  cm  cm  <\j  cm  cj  cm  (\j  cm  cm  cm  cm  im  cm  cm  cm  <m  cm  cm  (m  cm  c\j  <  m  cm  c\j  cm  cm  cm  cm  cm  cm  cm  cm  cm 

_J — > — I I — • t l — » I — 1 I I I ) — f — ) I — I — 1 1 t i I — I I — I — t )  — > — I  — I — < I — ! — I — I  — ! — " — I  — I  — I 

L»-CLU-ULQ_C}-U.U-UL(_CLU.Q_Cl.CXa.Cj_C_Cj-U-C^ 

xxxxxxxxx^xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

CO  CO  CU  CO  CO  CXJ  CU  CO  CU  aj  CD  CD  CD  CD  CU  CD  CD  CD  CD  — J  CU  CO  CO  CO  CU  CU  CD  CD  CO  CU  CUCCCOOJCDCOCOCQCQCOCUCOCO— JCGCDCDCD 


to 


JX 


(_1UJ       J-CC 

■dCC  U-lX 

_>_j-_-jco 

"-UJU 
MI<1         i—     • 

I—  UlCtXCJ 

*£        — .*— LU— J 

CJ  *_:      ->»— 

_>_JCOCJ-«  i-i 
-J  (_.•-«_-  +  _: 
O--  U-ZOl 
*/>CJ»—  LU-ft-LU 

<_>•-»     cn»— 

UJ  .<, 

j-_ju-<i_-to 
I-     o 

»       z    z 

too  •<£  «0 
H-|— >       CUH-t 

Z  hOQh 
LUC_«-»CU«l_> 

_.uj_j  _:_.-< 

UJUMQ        t_) 

o.<n-«z*- 

-J  tO<  LU 
Q.W<(DXI 

t-i        U.         I- 

ax    coac  * 

LUCr.i-iCU>- 
OhO  >_J 
^QCU_X  OJ 
+  UJ      LU-J> 


CO       >-<_> 

_.tl  HJM 

cjcjcj     >-z  i 

M^zxaMi: 

I—        MUJUJ        t-f        — 

<t»-cj>-.>CX      X   • 
\-HZCL      CJ  »h-CO 

o.aa.>aiou30 
_iarco  XCU>-J  •-• 
CJ  -J  cu  t-  f—  ->  I—  a.  »— 
cjcjo  <.— •  cj-4.cz. 
cxj.     qoju-u. 

OIUQHJ      Oti£.> 

tot—      CU<<IC__JCX 
<.      t— CJ  -JCU 

0JL_1L"<1U_LJ_:U'J- 
_:CU_JCJIUI-«CJ>- 


cc<tuj        uj 

CULUX-ILUtO 
»-     002 

li-CX      hhC 

<cucoex»>-o 
H-»-l-«l 

zu.       zo 

UJ<IQ|—  CXLU 

a.    o<i-a 

<i  ♦a.-j-Jt-j 
IQH  <Z 
LUZLL!  <t 
OZLUJ-Zco 
»-  cjcjh-  <i«a. 


xu-aiuauiuja 

»—         O.U.  «-il~|-_._J 

tO-J       CJ«->^-<l_l 

»Z       OCX  COCO       <t 

ooaizi-zo  •» 
ujMi<zao.(nu. 
Xj-»-      LUUQ-    «0 

too      *o    C"-" 

►~«;_»XZ      CO  CJ 

_J  CC»-CJUJl-i  V)CJC-« 

cuh-«-"»-«X  t-«OCJ 
<H/.'_Il— I— CJ  h-OC 
l-Z  O  UJZUK- 
WMXZIUO<Z 
OJ       lU_>_><J.i-«U-CU 

UJI— U,_>_JI—      CJ 
COt/NX"       OQ.CJCU 
»-iLUUIUJ(XLULUXC_ 

X»Xct_j|-Z 
XH-      •—»—      U_      <l 
OJ       UJI-       UilU> 
-J      J-OZCUCXCOX 
Q.    »H-U!0        I        LU 

3LO     -j»-*actx»- 

OUJ  *CO|-l—  lUt-OC 
CJh-tOOCJ  >OUJ 
<^4  UJXQZ> 
-J*-*  CU-JLU  UJ 
<th  I-XU-I-cO-JO 
<-*f-><n~ujac\-~     cu 

hZl       QCCUt-*ZCJ 

•-»»-•»- ex  i  >     •— « 

_:        Oct      ••    -j 

«V1    •m.tXiLULL'CJQ. 
N-iX       >XCJCUUJ 

^1     UJCUUI—  <icocx 

<cxi-:d       a_<t 

CJCX_JCOU.V>UJUJ 
U-^UJ<h-»-«  I  OCX 
*-  _l  i>  J»  •-•«-»  Z  CJ  »- 


XOUJUJCxcoh-  ujcixii—  • 
»c_>i";>cj-Jujixi£«-«    CO 

l—K-UJ  CJCU<l<«.t^^.ZUJ 

v)     ucjlucj     »— t—     •-•     ^: 

CX^-CJ^IXUJI— V3CXD  CJH-i 
OdJ*-"*-  ZUJUJZ  »-«<l 
33lrtD  t/)tUcXO  »OI— 
LLZZXZCX  zxz  »- 
*//_j_jiucjuicx«4.:3h-cjt—  **. 

Z-d.        U.JWJ  — >*~CL 

•-•  J-CUU.CJh-CJU.CJ  JCK-<12. 
<l      OOCXCJ      O«>0      CJI— 3 

xcj<.     xcuujcu^jcuzwiat. 

CUUJX.UJ|-_)X      <Q3LUH 

QCCJ       X       U-l-l-       <LLCr.Z 

<IUJ»— U.UJ       ^(/)2.  »-< 

cx_ia  cjcx  •»•— *-i  uiH.*. 
uu-<io       I  t— «j     *r.«^w 

to  Z0cX-iu-C5CU»-i*iUJ 
uj»--vi»—  <».lu_;  zuji— _ij_ 
_jcjt—t— ui^</>uj»—cuo  I— 
CD       0,CJ*-OU.<— IH-       LUCU 

•-.ioxiiii/^     arcj3a.cu-5XZ 

OO^UUZQ      MOtOhM 
<t      f— U-i-^z-^Vlh-^IO 
ujcjhuj     <*uj<ri/?j_     U.H- 
u.^:<C(X  •>    — iujuj     lumz 

•Q.  XV7CUU.CX</)X        UJ 

H-     X>-uj»— •-•  _i»—  tJi. 

OUJUUJt-^l/'J        <l        UJCU 

Z-J^J     cxcu^<i  #«a.»-> 
co  to  cu  cu  s:  •-•  •-•  co  ex  c  «-h  c 

tO«-«  QXUXHWh  CUCt 
*■*  tOQCd.       C_)CX>— UJ       CU»-*U. 

(flD£l-<UJZUillDI2 
ZmO      U1_JQ.»-»C>_IZi-i 

•-•CX       <-lCOC^       ZQ.h>       t— 

e-cucx        »-«_i<T     ^     </)z 

CJCXCUt— t-CJZ)  CUCJLU»-«I 
UJ  I  V-Q-Z  U-tOI-CUX  O 
_JI— U.2-UJOtO<CCUUlt-cr!»-« 
U-0«*CUVJ—ttO  _JZ  zu. 
UJZ      •—  UJ  +  UJZO.UZMM 

ex  i-cxzcjcuz:o»-<>-z 
i  a  t<a#o^o  exo 
cxcuQ  ir\D<oooi<<- 
ujcx»-«Xuj  coi-  -*OJ-00 
>UJOI-XU.  cu  +  zco 

C  a  ex  u- 1-  «-><t  to  x  ><i  cu  «a 

•"•K*-1  *—*-  zxa 

zcozcux    »-        #cj    cu 

<ZUJ      O    •^XU.vO        *o 

cjcj>-xjcjcjujcj    i— tors 

ZCJ      CXO>-*XI-      ZZCUCJ 

uj    cuujtxo*-exzuj<it/>o 

XtOJ_>XCX»-UJ3XCJ<rx 
■Jt>tX^»^CJQ- 


co         «-»o     _j>- 

X7   1   LLU-UJ     *<1CJ 

UJ 

2.CJCUCX^    •CJ>2.<1 

J- 

<l^CJUJCJ       tutx 

(X»- 

cxz     xua  «cj- 

CJ 

CJf-O-Jt       •->       iCiC 

CUH-CU 

Oh-CD       CU-»—»      ft 

«IX 

CfcZ      toco      •-•      X 

UJJ-»- 

U.LJLUUU       u_—    »h- 

CJh- 

CJI— _JCJ»-»  U.  ^  t-i 

Z      CJ 

tO^.<lCUI— •  I-.LU3C 

cucjz 

l_«ttU-<l             «—»/»- 

<X  LUH-1 

XUJCX.H- t/;i-       CJ 

UJI-U.    • 

t-  CJ  cj  cx  •-<  or  cu  x  z 

U-CJ       i. 

LU      *l      0*-«OO 

UJ^CJXJ 

CJ»-CJ^>U.U.-         _| 

ex     h-2: 

»-^l—       _J             ><•-• 

UJ         ♦-< 

•— •         _JU.JtUt-.-JV) 

UjCUCJX 

cj     >-o«six»-cua. 

J-      Ut«J- 

uuviaMh-     k  — j 

»—  CJCX  2- 

C_L_<iK*rX      (_<l 

-JCU 

CJXLUZ^U-Uli-iZ 

03K'JJ 

<i»_)    fr>oacx<i 

<nji 

2 icucj         lua 

CUX<1|- 

to       CD       Xh-h-OCU 

CX</i 

<1<       >J-Z-JCXCD 

z-c 

_:     cj iz  |  cu<iQ- 

at»-uj<i 

-J       »-_.       U.CJ 

UJI-4UJJ. 

Z     •— V"-        LUCU<1.H- 

to     a*\- 

CJ«^CJCJUi(--CO 

Z> 

•~>cmjc     x<t     toa 

•tocx 

f-— •     >»-f-C«-icu 

uiz<cu 

a.     x<i     co»—     a. 

J.UJ-X 

l_JLL J_iULI—                »—  LU 

»-•-«      K- 

oo.o:<xc_ci.>- 

KCU< 

OZX<IUUImJ 

K<orcX 

ZUiQ      H<LUCX<I 

<IZ.UJ 

»—CtCOZ      UJZCJ 

XCfcX    ► 

X.UJ       O.U.I             tOUJ 

hCI-l 

5.ULLL       h-       ZCUCX 

U.       ZJ 

<tiuouj<i  »iu_5<i 

azui 

cr.tr.     cucjtoxco 

VJt—  LUI-. 

cy     z     »-iuj|—     co 

O      21Z 

OZCJCJCJ_J      cucu 

Z_J'~<l--• 

-HM^ZJQID 

UJ^JULX 

ex     to    i-<r_ii-_j 

ZU-UJ 

Catrr      >-)     < 

zujoo 

CXLUCUO-Q      ocu> 

Ol/l       CU 

uj»-»-<_j(x_:cx 

CJ33TZ 

Ceo     r  z>cu     uj-j 

Ul      X»-i 

LUUJLU       OCJ    «J-X 

cxcxi-<a 

»-c_t_je>jcujtj_: 

LLH-.LC 

ZOCDZ     »-•-     o 

CO  J- CXI— 

i— i_)*i^-<«-<_iuj  •»_: 

•-•i-aco 

co         ci»-hcx  ii  ♦-•       •< 

aoz 

_:      LU      OKI.—      -  CJ 

•-Z3-JCJ 

a.     xco<t_j»-c_!-»»-_j 

►-•U.-Q.CJ 

«a     >—<i^>cj— t—  t-itux 

UUUUUUUUUUUUUUUOUUUUUUUUUUUUUUtJUUOUUUUUUUUUUUUUU 


269 


ooooooooooooooooooooooooooooooooooooooqooooooooo 

cm  cm  csj  (\j  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  c\i  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  c\i  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm  cm 

aaQ.Q.aaaaaaaaaaaQu.aaau.aau.au.  aaaaaaaaaaaaaaaaaaaaaa 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

CD  CO  CD  CD  CD  CD  CD  CD  CO  CC  CD  CU  CD  CO  CD  CD  CU  CD  CD  CD  CO  CD  CD  CD  00  00  CO  CljOJOOCUCXlODflUODODaJCXSOUOUCDCUCDODOOCDCDCO 


Xh-         •.<_>      I—  U' 

**       —  4.1/72         i  i  ujcj 

cue-     cmoi—id  tu2.>^: 

*£<l  I  — O      2:  0<l*-"UJ 

2XiD»— u_  xna 

••OO     co2»~  •  maiuai 

H- 11  O  ••     «-«-a.X  J~      aiu 

couj     1—  ui4h. i  h-uj-3^: 

ccsci-2Xcccoa.        xcdi-h 

q.  »_      ^»-n— ^_      x  cof-O 

U.f-0<1       COOO  UJ  _» 

uji-ia     zr-oo  r-zuuic 

lDCO__l»—     »0  «ll-«J. 

J.      CXCO— OLJO  -J      H-uu 

h       Xi-   •      IDI-  _J2      X 

••"•Clearer  43U.1- 

co      O      UJCCO  ->OCJ 

•t—  ID  •J.UJIL'  ULIJ_         U. 

•->         cc2-L.f-uj»— u.^;         cr-cuo 

uj»-«r—  vi— >»-«i/>cc  uj     _j 

CO«X       CX    •IX'.<_3  CjOO-JCO 

3Ccuj»-<         «ai—  m<i<ilu 

f— »—  u.— » U.CCUJ  s>      »>3 

idco<i     rtiMf-a  o— >     -J 

it:duj«  qtxuj< 

hUJlX      COCO  Ol>-X> 

0<ll—  »l-n-i  UJK 

>       >         •  h-U.      H- 

CD|—  LU    *UJ    •_!_(  CO       OZ 

»—  4C       (_)|-<L  X_J«l    «r-        J L.       OJ  »-.       UJ-JOCJCJ  —»<_>(—  LU 

•-»_jtc«i2:         3cucc»— «— •»— 1 —  1—     id     ^         oo«_:;>  •     tea.  xuj     cc 

X«IO-L  «QH  Z— 12  CT      O  IDi-tlDU         •»-!—  — .1—  a 

•  3ECOOt-2  CCtOlD<llD      LL      H*      t-i  i-«_lXCO    •ID22  ccjid3 

a.         <OU     <i         IDQ.2030  «0     =>     t-         jah<OUGO  llkicoo 

id        or_j<i2X        x    ozozw        00        a 2.        —  too  too 

CO  00       «-•*-  |— XOIDIDIDIDOO       UJ       «£  a»-i    ••ID  3       UiO 

O  C  KG.      Q (ID      CC      3  3      2— IIDID   »0  oOCOH- 

ccujccuj>        h-«-»>iD2iDco-j  u-        c/>iDOQ-oajcn2  uim  • 

ID  CLXlDO_J  <.JEI-Q<lO<CQ      CO  Xt-*3L2      Q<  X      HO- 

X  >—  :><lh-  O.      t—Z      Z*—**.      *-      C3  ID»— |— <i<U—2  I—  H-COZX 

I—  (X.      IDH-2  t-_l— li-«2«-«Cti-H      U      -<:  CD      OXCtyOS  hDm» 

<lt/>-£2lD  <<.      »-h      <lc_      »-i      <l    •  LO*_lD      3UH  2      XO 

>-  lD»-iO<:3  OUJ3>      >^»<t      I-  a      »— f— 3      iD3"cOr  O  2> 

CO  2      X>0  UJOOJQZ      >     O      -  C      U)^U_UJ-D  •-<    •IDLJ** 

t— tt_»      UUJ    e      h-      ID3UJ      >-  2      ►-<.      _J_3      XI—   ►UJC  t— 2U_0.CC 

O  _J2      <CIV)      OO      Ct>U.Q_l-      _3      «J^      3L_JlDt-      — o^»_  00      000- 

"J  I  3  •     U-S     2l->-|— JO<Z     u-      00  <X      2«1-uj  2«-«QUJ<r 

or        zosz     x  20    »-iid  coo:    oo>t-2i-.«-'Xt-  3»-2oc: 

<  OU_Z5<LU»-      UJO-<»->l IQ      Q      -  Q.      21D      «-*XXh-lD  ULO<TO-2 

-J  2      S      Cti—      CDID      02UJi-»Z      2  O      u-      K  </>  ^      C*-" 

O    •  a_t-<</)OQ-  i/»      2*-«O0XLU      <I      IDX      t-«00      •-'I— 2  Q__>   »o 

lD»-«      01D2<2"0      03    •  -DO.  2_J      »-K-        «jCZ»-4CO  2U.LU      CO 

Q  II       2_Ehmj_      ci»      _J      c/) l/;  1X1  ID 4 ID      to      »-rO-      l_;      CDl/>      »-<X»-«  O      ^2UJ 

0L  C03L      2I_»      _3«D|-.-i_jX      O      id      H-X      ZQZt-UJ<h  OUIOOJ      CO        •»-•  I       CJO 

CO»-»  2      Q_3<      (^002      OJh->2      2      JO      3lD»-2COCti-iUJ  UJi>aj»-«CD      uj      xocin      «-»»-i 

uj         •••<_jcjj--         J-     «-»uj<r     <•-•     *-*     cjuj     u_u;^i-i     e-jc__;  i/)«-»«i»~<i     w        ^.»r     cc>— 
32    id    <j-»-«c_)    coo<t_i»-*s:2        1—     cc            3«~«r)— o  »~    uw    2      ».q.        mo 

_juj    h-ujui-z<:        tooccnorc-J    id     3    cduj     o    oaiozt-a  ujold2c£     «d     xac  •    ><i 

<J~     OxOoimm     f—  _JK-<«aacu-X     O      3jl      Scoidh-  JOOZ  XUJ_j3<i      q_     OOQ.      iDct: 

->JB      ZK-12.2.2.       «-i'«q.COt-l^»U-C>l—      CC       COt~      I— «-"CD«/l2.C_J2<V  »—  -?Q.u_-»       UJ       cucjo.       cou. 

CD  U. 


uuuuuuuuuuuuuoouuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu 


1- 

C-JI-2 

<l 

1         IDLD»-« 

J-       — •  1 

I  cxujulvicx. 

»-<».       4  2. 

-:z<izuj     uj 

U. 

UJ 

ca< 

<iO->Ocuujcd 

O 

l_J 

UJI-XLJCC 

00          2.12. 

<l 

ujcouj_jo 

2  •-Jh-^3 

VI 

2. 

h-_J ucvu 

UJ>-UJ_J4_.       ^c 

t- 

Z-JO.       CC 

cch--»<iuJOUJ 

a 

H- 

<i     zaia 

-'•"-•—tt  crh-a 

<i 

O 

0C2OX 

HDOIU 

Q. 

rfC 

■o.<.cjr-cc 

"8l^»        2CUC-IOO 

3X            -Q 

UJ  3  <1  UJ  CD  ID  UJ 

_J 

CO 

cut—  tuuai 

U.«_P      cv      0^ 

<a 

»-• 

X.--Z 

Ull-       -_,Q_I    • 

0: 

zai-HH 

id     <-:<i«aui 

O 

1- 

<tlD       U 1 

JUInU      >ID 

ID 

2 

OX  »       1 

CU^ll-           UZJ 

»- 

UJ 

K(MOZ 

<!•-•         •»— 2«-*CO 

2 

2. 

*•**    »K-C> 

MZtfJlUZ"!      0 

►-« 

h- 

XliU-          4C 

at-tuvLtM      j*u_ 

t/» 

1—       UJC) 

<l<?  •-<  O  <l  V»  _l  CL 

UJ 

_J 

1—    OU.L-1CX 

_>»—  _iu_cr  ui—i 

CC 

~> 

CC2.       -_.i-'J 

<_aitit-_i<i^; 

<t 

a 

030IDX 

>OXCCCOCD3UJ 

< 

OSHI-h- 

CCl_)»-«uJ2<lcO> 

• 

_]►-«       a 

<t           IPh3m 

> 

CO 

<zot- 

t-ioof—  hUQC      CD 

CD 

»— 1 

hZm> 

-J2-2           <CO 

U. 

X 

cya.*-     2 

»-«UJ»-M           >>I-HUJ 

- 

U 

a 

2    • 

2 

«ICC 

^ 

a 

^<i 

>■ 

O 

CC 

l-«CO 

C 

»- 

UJ 

«*  •» 

J_ 

rsjj 

t— 

>-«i 

2-2 

•• 

»-*or 

2 

K-3 

O 

U-CJ 

>— i 

CJ-5 

t- 

<i 

cjcc 

rsi 

LUID 

»-« 

-Ch- 

2 

i-«3 

♦— > 

<Q_ 

»- 

CCS. 

Q. 

HO 

O 

COO 

S 

2 

CJ    •> 

•• 

OS 

• 

CO 

CC    • 

u-aj 

0 

OO 

CCT*- 

X 

UJ(J> 

0|- 

t-—i 

OlD 

X 

IX 

0  - 

h- 

ID— 1 

■XiCC 

X_l 

2IID 

UM 

X 

COX 

jSh- 

1 

LUO 

CJjC 

2 

2<1 

X 

4CC 

<h 

0 

S  *" • 

HJ 

3 

•  S 

ft 

O 

•2   • 

■> 

-3CJCM 

IDS 

c^in 

OlD 

270 


oooooooooooooooooooooooooooooooooooooooooooooooo 

ajcr>o>c^cr</4C7»tjNcncro%oooooooooc»^"^»^»^^^^ 
c\jCMiNc\iojc\jc\ic\ic\tc\jc\imrno»(Tim<^ni(^mo*fnmPm^ 


u.aaaaar^aQ.aaaaaaaaaaca.a.aaaQ.aaaQ.aaaaLLaQ-aaaaaiiaG.'J.aa 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

aj  cococaajajcDCD  a:  cu  a:  cDctajajcDcuixifxa^aj^  cum 

*^ 

Ji    •*-!•-• 

-J 

~— .  — (_J 

EU 

— ouJto 

OO-II 

« 

uutra 

«-» 

Ul-'f-Kl 

Z> 

~l~<f— 'l/» 

Z 

uu^:  •• 

^^ 

t/J       »       »l    ■! 

>           « 

-> 

x~— o 

»         at. 

U 

aouo 

»        ai 

ooom 

»        >— • 

■> 

omen-*-— . 

a 

•          » 

•»* 

►—vjo 

OJ 

»        *t 

.> 

—olv^cjnj- 

cy 

»        >. 

Z 

Ovi4UI'» 

4£. 

»         >■ 

«-» 

O  •sa.cr^ 

<l 

LTl 

»          •> 

V) 

u>*»ou-x 

X 

r-          i 

►        _j 

X 

-o<3a 

u 

u»          < 

»           (13 

UO   •»  »*JR 

z 

•-• 

l             •» 

•> 

•<iu\j.h-u_ 

o 

>v            < 

»           Z3 

*» 

1-UC'U 

1\4                  t 

»         aj 

lit 
CM 

uvy»«Ni_j  » 

•"•H-iCXI— 

co 

NO 

»         u. 

-^ 

—  3L    •+-«t/J 

CJ 

»-r»       < 

i         h* 

z 

CTCJO    MJ 

>. 

exv> 

»           •> 

LU 

<N    ».3K— O 

K 

-J 

»- 

<j^i 

»        co 

O 

—  »o^ 

•-« 

co 

< 

z 

LU 

•           X 

CDOI-^    - 

o 

-J 

t— 

-IZ 

•          •» 

•> 

•■^3-    m>m**+ 

1-^ 

< 

z 

o 

_l<t 

»                INJ 

«^ 

~ —»~.*o 

-I 

t-« 

LU 

a. 

»-«cx 

»        ex. 

in 

ooa-cto 

o. 

ac 

LU 

XO 

I             •» 

CM 

l\J«/J  «>j£Ul 

a. 

h» 

aj 

^ 

•CJ 

»             f"M 

«-» 

»*<vTU.n* 

•-» 

ex 

r- 

CTCX 

•            f- 

3L 

^luzo^ 

LU 

V) 

«x 

NO 

^C3- 

•       z 

3 

•o  »ou. 

• 

CO 

-J 

< 

1- 

C* 

Z 

1            ■" 

CO 

woni  »>u. 

ro 

3 

CD 

X 

CO 

—* 

<o 

»         ex 

LU    ••Z  (/>»-* 

v» 

—i 

H4 

>v 

-•<_>      « 

•         a. 

» 

a.—  -u_a 

• 

Q. 

CO 

a. 

X 

>r 

o~      « 

•       z 

— 

OOtMZ  ► 

■>4 

CO 

o 

Z_J 

o 

*l<t?L++~ 

II 

1— 

••4 

CO 

o 

•< 

►        > 

in 

-~  »z:o 

(X 

»— < 

21 

LU 

> 

•  NO 

-IO 

•        «x 

W> 

UZ-"ZO 

O 

(X 

2. 

1- 

-<            n< 

om 

>        z 

z 

u-coz  »^- 

rsj 

«-» 

i_i 

• 

LU 

i— . 

•— i 

sU 

>z 

»            » 

^ 

l-<t  • 

f- 

• 

—1 

C 

Q. 

H- 

_J 

O            o 

crs: 

CD»-H 

»        > 

u_ 

ZLL—O^ 

Z 

t-l 

o. 

2* 

>— 1 

K               H- 

.-«UJC7>                  « 

»        kl 

•ooou. 

• 

X 

LL 

U- 

CD 

VK«OQUJ 

»          w 

•> 

zuo^u. 

II 

LU 

LU 

_J 

O 

O 

>— ■ 

O               c-i 

-^COCJNUJCO 

— » 

U.    ►LTk— —* 

cu 

<t 

CO 

o           o 

>HQD 

i           X 

«o 

t-Q-OO 

<■ 

• 

•> 

•— i 

• 

• 

<I 

>V)NZ 

•        _J 

LO 

zwa<  • 

1- 

ac 

CO 

QC 

o 

a 

LU 

—               *-. 

OC       r-llUCX 

•        a. 

» 

►ztos:— 

z 

a 

cc 

l~ 

z 

z 

LL. 

H-          »- 

<rcc 

H-O 

►           X 

o 

a  »x<© 

(X 

< 

>          > 

UJO 

xu. 

"        o 

m 

UZOl  -o 

«■» 

O 

> 

h- 

t- 

h- 

^C 

•                • 

_JULOUi 

»           03 

««^ 

ZLOCj-~m 

o 

•  > 

z 

z 

Z 

O 

IU                LU 

_J      LUV.O 

-> 

►z  -o«- 

• 

•«x 

-J 

LL,' 

LU 

LU 

LU 

;>    _j           u» 

oc 

MOh-OUJ 

•             LU 

z  •^o«-y 

noo»- 

oz 

< 

QC 

(X 

ex. 

X 

Z—    •      «"•        • 

Ul 

XUJUUJM 

•        z 

z 

o— oin<c 

1  oo 

•  + 

>- 

a. 

(X 

tx 

o 

■  4    1  ■>         »— 1        — • 

A. 

viUJOu. 

•           1— 1 

o 

ZOO»Z 

UJQ    • 

i"> 

u 

-J 

JOJ 

•-«'»»•-'        **        •-« 

31 

•  •-•CX.  •—«»— I 

»          H- 

►-« 

omar< 

•c\Jr«j 

-IZ 

r- 

OOCJ 

u 

||    (/l^-K(_l(NJ^. 

<r 

oa>a 

•          Z> 

to 

zm'— Luco 

lT\t-«      1— ^^l    • 

O 

1 

«-»X_J  |  CD      3'-' 

ex 

•tuotUCJ 

»          O 

z 

cj*-cx;ql  • 

it  Zcxad  II 

1 

CD            QCD 

e> 

txcxcvcx.*. 

•          a. 

LU 

a.c?cou_— » 

ii  ii      — 

"»• 

N 

CO 

•sT  II  w   |l     ||  f—  || 

i_» 

•          ai 

2.- 

"iiiJi   >^_; 

<i      ii      t— 

t—        LL. 

(X 

•          _> 

M>uau.»u 

;>u-r-u- 

u_.^ 

r-     u.     r 

u. 

•          (/> 

cjz«~>li_s_»c\jit\ 

>£.  UJ  ^1  •-•  U-  »-•  i£ 

4L      4L      Z 

(_»->•-»  i— ^  cy  »-•  •-* 

•-t       •■HIMOInJ- 

UUOUOUUUUUU   l_J 


OO  V_/  o  uuuuu 


271 


oooooooooooooooooooooooooooooooooooooooooooooooo 

(rifri<^>y^^»r»y^>r»r^>ru^u»ii^Lnu^tnu^u^inii^«u^NO<}vO^>o>o^ 
rn<T|<r>o\rn(rim(^rnm(^rM(r»<^oioirnro(^n>m<^nio»c^ 

aaa.aaaaaaau.aQ.aaaaaa.aaau.aaaaaaaac  a.aii.ao.aa.anau-aaa.au. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

CD  CO  CD  CO  CO  CD  CD  CO  CD  CD  CO  CD  CD  CO  CD  CU  CD  CD  <D  CD  CD  CD  CD  CD  CD  CD  CD  CLi  CD  00  CD  CD  CD  CD  CD  CD  CD  CD  CG  OU  CD  CO  CD  CD  CD  CD  CO  CD 


<i 

u. 

U 

»-< 

u 

cc 

u 

o 

<l 

UJ 

> 

o 

l/> 

</> 

z 

•—I 

</> 

IM.I-1 

z 

U. 

<l 

LU 

,1,11 

o 

o 

X 

cc 

t_> 

.—.  ii -» 

1-4 

u 

u 

hi 

1      II-   | 

>- 

• 

z 

h- 

h- 

WW 

<l 

I .» 

i; 

<i 

(X 

-13 

3 

.£. 

a. 

•-* 

LU 

CD  CD 

_l 

X 

UJ 

o 

.> 

,_  ■  i- 

<I 

1/7 

• 

K 

Z 

•H 

•— * 

coto 

> 

LU 

(_> 

UJ 

+ 

-J 

*-* 

CUOJ 

UJ 

U\ 

•— • 

UJ 

3 

JC 

o 

IX 

o 

i— i 

—» 

*■* 

t- 

O 

t- 

o 

tr* 

ct 

»-« 

1- 

■H 

O.Q. 

Z 

K 

-J 

-J 

UJ 

ii 

•-^ 

lf> 

LUUJ 

i-« 

0\l 

_J 

< 

CD 

OL 

z 

«. 

»  •» 

<I 

O 

<l 

M 

X 

<J» 

1-4 

»o 

Q.Q- 

ot 

0<M 

II 

CC 

Z3 

•-< 

_ 

UJUJ 

1— 

r-4 

(/7 

t- 

Z 

Q. 

<rw~ 

vo 

-» 

— 

h- 

^ 

_J 

LU 

—t—t 

Z 

oo 

ac 

Z 

LU 

2. 

O 

• • 

1— 

oxx 

CJ 

•!- 

■— • 

Ul 

J> 

UJ 

• 

e 

»— t 

H-«<1 

o 

CJ» 

y 

>-i 

o 

Cj> 

LUr-l 

CC 

xx 

UiO 

t/i 

UJ 

H 

z 

UJ 

Ul    •• 

3 

o<r<i 

u. 

•o 

LU 

o 

=3 

• 

<r 

• 

w* 

*«• 

o  +  I 

o 

-^ 

O 

<© 

O 

-H 

cc 

^ 

■** 

i-« 

«« 

—    mm 

HH 

_I~H 

UJ3> 

+ 

(M 

> 

«^ 

*-i 

O 

««i.iM 

(X 

~«o-* 

K- 

CL  + 

v>Z 

«c 

u_r*-  •• 

— »«"^ 

z 

+ 

•l— J— —*'*-' — t— 

UJ 

•>  «rg 

a 

»•>> 

Z+rO 

•  J- 

OUJCC 

UJ*-« 

=3 

bC            1- 

<~l-^>.>   •  -JZ3^> 

CD 

— «U_!Lf\ 

UJ 

>-««£ 

ox:  • 

—IO- 

•  <J 

U_w 

u. 

»  •    X 

HO 

C9CUCU 

X 

— »_j  •> 

> 

a* 

0»—-H 

1  -J 

0-H»-< 

z 

og»H     i-i 

—  •  II 

II  UJ               II 

_j 

;>  »><Jrvi 

;> 

Ul 

-J 

at^* 

LU*-  — 

II  —> 

H 

ji  *o_i 

13  CC 

•  II  II 

-HZ 

—  CC— 1-<— 1 

u_*i 

U» 

U-Z  " 

u_ 

ujcccj 

IX. 

• 

►-«•-• 

IUO. 

O* 

O  II 

o        *: 

to 

U 

F^CJ 

a.  «  ii 

COCL«^ 

«^CL            ^» 

2~tt-«t~i— «— ~  i— 

II         ^* 

CM 

IK 

li 

nx 

r-l  II 

-J 

r- 

II-  • 

iWWWKIO 

<^»Hf 

(X 

QC-2- 

CC       JL  II 

<i 

UJ 

** 

— 

HO 

^  H  h-»— 

i«c    ■*»*-.». 

U.I          1 

II                •—        UJ 

IU  II 

LDI-l 

Lur— u. 

11- 

(XIX. 

<Z^. 

Z 

2.2. 

Ht* 

UJU !_/ J 

CJ 

u-a-auju- 

UJ 

UJ-J 

JJL.-IXXUI 

w"-PU_ 

Jl1 

i-"— * 

»_j"— i-i»— 

«>  t-l  ^  W  «-«  CU  UJ  </) 

*£       » 

•*»*«-<  jeu>^: 

ZE5C 

2.^. 

:£<£o.u-u_uj 

iy;»-ii— • 

U-^"i 

LULL. 

UU 1_| 

Z> 

_) 

O 

Z 

l\l««l 

1                        «T 

u\ 

4. 

z 

Z 

i"^ 

•*J 

r- 

UUU  t_J  oo  oo  oo 


272 


OOOOOOOOOOOOOOOOOOOOOOOOOCJOOOOOOCOOOOOOOOOOOOOOO 

Ln>ui^cocp©i^(\ioi>rinvur~coo^o^t\j<^>ru^>ur~o3Lr>Q.-<c\m}>r 
coa3wcocctP(7>Lrv>o^Lr>u^o^u>u^OOQ©oooooo«-«'^^^«^^i^ 


aaaaaau.aaaaao.aQ.aaaaaaaaaaaaaa.aaaixQ.aaaaaaaau.aaau.D- 
xxxxxxxxxxxxxxxxxx^xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

CD  CD  00  CO  CLj  CD  CD  CD  CQ  0U  CD  00  CD  CD  CO  0L>  CD  CU  CD  CD  CD  CD  QJ  CT  CO  CD  CO  CD  CD  CD  CD  CD  CO  CD  CD  00  OJ  CD  CD  CO  CD  CD  CU  CD  CO  CO  CO  CD 


o 

z 

HI 

Z 

=> 

K 

z 

LL 

o;: 

< 

•> 

< 

o 

—4 

_ 

H* 

a 

r» 

in 

J> 

<— 

>r 

• 

•• 

LX 

o 

o 

~  + 

H- 

a 

ac 

cm 

*^-^ 

> 

LL. 

»- 

*— 

CD 

-5h- 

Z 

Z 

3 

*r 

^   » 

Ol 

«■» 

•» 

o 

LU 

U 

r- 

_J~3 

i-4 

in 

^ 

^-1 

O 

Z 

«r 

CQw 

• 

z 

o 

i-« 

<t 

f-4 

1    > 

O 

+ 

» 

ot: 

o 

uj«-< 

(X 

CVJ 

»»^^ 

H- 

h 

LU 

»- 

—4 

_) 

** 

•♦» 

-51- 

z> 

O 

z 

coo 

cc 

— z 

a 

*»N* 

z 

LU 

o 

•-•»- 

Or 

JM 

o 

— »- 

CM 

* 

— » 

o 

H 

l/> 

LX. 

»— < 

CT*CD<1 

-3i£ 

—4 

Ul 

►— » 

<IU 

O 

1  —II 

— » 

■■»>  i 

u. 

•• 

LU 

o 

luu 

t- 

II 

UJ*— • 

o 

i£<l 

o 

z 

~3 

—J 

o 

U_ 

■* 

mxH 

• 

LU 

H- 

•• 

«-»«—• 

CO 

«■» 

cc 

cc 

r^O    - 

CT 

O  II 

H- 

>U- 

1— > 

^» 

u-x: 

LU 

or 

sOCC-5 

LU 

+ 

a 

Ql 

+  >< 

co 

o 

►— '►— • 

20>m 

>0  +  — 

• 

—1- 

o 

z 

ii  — 

<t 

■ 

_j 

ium 

lo-»> 

X 

«"• 

**> 

^»  » 

-5-3 

LU 

a 

zz 

otn-* 

>o-5 

>— • 

«-» 

m 

— ■» 

H- 

— .>w 

LL 

UJ 

o  • 

mo 

>r 

_J 

I— i 

-5— 

o- 

~Z 

>a.z 

• 

»-<UJ 

^ 

cc±>  • 

•_ 1~* 

.£«-•  •. 

>**i-*|- 

•flw 

Z->^3 

LU^-4— «. 

l-U 

z 

UJ*>- 

*co  • 

» 

♦  -4 

Z>   •> 

in  in 

-UilSt 

Oft»Z 

<I  • 

•■ 

aict_ja:x     c? 

i-HI 

lU*— 

•*»o 

—j 

*l— 

t-t 

3UJLU 

-Jl- 

rH 

-*-<~>     »VJ>U*  II  UJLU 

M  U.> 

-*■*  LU  II  LU 

LU 

•  »U_J«-««J 

11  It  II 

lov-»l-; 

DS 

II 

:!>•-«  a> 

-«tx       •  -> 

-12  — 

ii  in  •     _> 

J 

ti'-L,'  l  in 

"3 

OO^  — 

U»-« 

~3 

z 

a 

-*o.2 

LU 

-3    •Q.—Z 

Z 

a. 

CD 

MM 

< 

LU 

_I_J 

i 

ii  •—  ii  ii  i-i»-i»-i 

O  M  ^ 

»-<i.i'  i 

»— • 

ZLU        HO 

>r-3-3 

II  ^ 

o.— » 

uu 

a. 

»•» 

— t— 

—• 

■«* 

LP  11  —    *t— 

»— 

«— i-_j    »- 

!■  |  -»  ■». 

a 

•«-• 

U 

UCC     x**->     «<; 

i 

uu 

—i*. 

z 

— •— icr 

3u^. 

f-LU 

LL. 

U 

CJ  U  LL.  ^  U  •»  U- U 

U 

UU. 

or-cu— u 

u 

U-UL»M.  LUU 

>__'UJ 

V-JU. 

1-1— 

(-1 

^•-<r-"u.a.>'"U 

u, 

;£.-> 

L_)-^»-»,>U 

o 

•-.^.L.X-fLy 

UU)U 

>--C»-< 

z 

«*. 

cc 

LU 

IX 

LU 

w 

u 

i-i 

IX 

ni     «x 

h- 

OO     OO     U1J  uuu  oo  uu     uu 


273 


ooooooooooooooooooococoooooooooooooooooooooooooo 
r«^»J■u^^«r-a^tr>o•-•C'J^>>Tl^^^of^-cot^c^f-l(^^o^>^u^sor*-aJy^o»-^CM^)sr  m>t>r-cou>ci»-"fN»rosr*r\or-ujv/>o 

^  >r  ^  >r  >r  sr  >r  >r  ^  >r  >r  >r  «r  ^  ^  >r  ^- >r  ^r  >r  >r  <r  >r  >r  >r  >r  si- -^  >r  «4- <r  >r  «r  >r  ^r  <■  *r  «r  >r -r -j- >r  <• -4- >r  sr  >r  >r 

aaaau.Q.aaaau.aaaaaaau.au.u-aaaaaau.aaaaiiaaa.aa.aau.au.a.aaa 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

00  CD  OU  CO  QJ  CO  CD  CD  CD  CO  CD  CO  CU  CO  CD  CD  CD  CO  CD  CD  CD  £U  CD  CD  CU  CO  CD  CD  CQ  CD  CD  CC  CD  CD  CD  COCOCDCOCDCDCUCDCCCCCOajCC 


UUI 

cuai 


OK 


O     ->  • 

o    ^  x  co 

— I      >  • 

<     Z  -3  O 

*-«•...  I— 

K      UJ 

»-•      O  UJ  U 

Z      Z  J-  O 

—  _eiN    •  |_ 
I-*                                            f^Ul  — > 

•>                                           LL.IL.*>  — » 

"3                   —                   OCJZ  X  «-« 

—  —                         |—    •>  Ui  — » 

2>              h*              e>     »-  h-  2                  ZO                           CD                  0*3.          2                  > 

i             »          zoo.  oc  o.              i-«z        ii            t-u-              se>        <t                i 

—  ^           hoz  uj  a. 

~>                         w                        t-             »  >  • 

—  >                I 1-  UJ 

>3e:           -»           ujoz  h-  o               Lucoui                       •                  m        o        >    2: 

Z-3            ^LU                  CO    •—  C/)  i£    •                              QCZ       —            5£— "— »                        Cfch-             LC             Z-^^7 

M/>          +U.                   UJ  a.  •— »                       00      •-*            •»~»Z                   tuo          t—            •~3CO 

i-H                 UJ                       Q.-JI>-  CJ  C\J-^ 

II    II               U.  II  UJ             CJ    •—>  JL  H  —        UJ              a        X       U               M  Cj»— -       LU              i.—J*-'       UJ               U  •—   II 

-J        r-z     3        occu  ►-•z     o 

—  — z        -Jo-co  uj  ^    z        olu-  -h  •             «o»-«z        z     11                   ;>«— 
tn-7    o«hh            z  xh  colli— fH 

-  »M  II 

UJZZ                UI         -J                  M  II  ^ 

Z  •-•  <J.UIJ-                                                         <-•(-)           Lj 

■JJ       r-            UJ  u_  QU            UJaC^-LT                                       o            —J                 «— » 


<->«->       LJO  00«~>OU>  UU  UUOO       «_><_><->«_> 


274 


oooooooooooooooooooocooooooooooooooooooooooooooo 

•^c\jro^u\Nt)j^wcr>o^<NJPi*rLnMji^«u^©»^c\jfr>>^ut>or^eocr>c.^^ 

oD(Dcocowooo<JooooN(JNvio>o,oNy,^o<y,ooooooooooHHHHHHiHHi-«H(\i(\i(\ifvjrvj(\irjt\j(vj 

u-CLCXu_o_a_cx.cicxu-u.u_cxcxcxciCLa.cxa-a.u.a-^ 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

CD  CD  CQ  CD  CD  CD  CD  CD  CD  CO  CD  CD  CD  CD  CO  CO  CD  CD  CD  CD  OP  CD  CD  CO  CC  CD  CD  CD  CD  CO  CD  CO  CD  CD  CO  CO  CO  CO  CO  CD  CO  CD  CO  CO  CC- CO  CO  CD 


J*.  *-*  Q 

UJ  CJ  I-* 

t-  cc  a 

CC  H-  * 

uj  z  t- 

;>  m  z 

U  UJ 

z  <-> 

»-.  Ot  <-J 

<t 

o 


> 

O 

< 

oc 

7? 

3 

UJ 

• 

UJ 

O 

CO  — 

z 

U. 

— 

h- 

CU— . 

CJ 

u. 

•"» 

CJ«- 

•— « 

cj 

»-i 

i- 

»-> 

\- 

^^ 

z 

LU— t 

«a 

UJ 

—i 

>-t 

a  aj 

—i 

X 

CU 

CJ 

^.  •• 

a 

t- 

•• 

Q- 

•aa 

— < 

""* 

— . 

CO  — 

> 

CO 

»- 

■  ll-l  ■* 

:s 

*-• 

in 

I-I-. 

CM 

CJ 

<T 

-3in»-« 

UJ 

in 

• 

z— 

H- 

UJ 

CM 

«-  «w 

Z 

• 

+ 

mD 

Z 

<r 

-J 

♦-.  +  Z) 

+> 

V-\- 

<CD 

»— < 

K 

LU- 

C 

— t-co 

UJ 

»- 

>> 

cc  •» 

<x 

LU 

*- 

J»>  - 

J» 

3> 

*  w 

l-t~ 

cc 

O 

CC 

*— H- 

CJ 

— «w 

<ll— 

co;> 

t- 

CJ 

1 

O 

<lH--> 

2. 

—1- 

xz 

z>~ 

V) 

QC 

CD 

xz— 

-5Z 

U-t-i 

CJfH 

Z 

— 

UJ 

a.i-i^^ 

•»— 

SL-J<L 

cjz 

CJ 

o 

> 

— 

J<Z 

•  • 

l-XI 

*<l 

»_< 

CJ 

• 

o 

a— 

<l          HH 

z 

,"" 

U-   1     It 

H-S 

a 

•2. 

1      H   X 

c 

>  |l 

>v— 

•-< 

1- 

UJ 

M 

UJ    » 

—         <t 

f* 

+ 

— «-«H 

CJ— » 

•— • 

• 

UJ 

zz 

2h<- 

K 

— K 

►— ^> 

.-.—) 

CJ 

Z. 

— » 

X 

•3 

►>.-l 

<r 

►-•> 

— Z 

JX 

— U. 

»-•       X 

—i 

•— • 

ziuj— 

0_<1 

-J 

— » 

~3 

H- 

>   - 

>—- -»<t 

c 

>Z  — 

JOi-* 

X2. 

Q 

z-<  * 

X.*. 

z^^a. 

•-» 

ZlU^*»~ 

</>*  • 

UJ«5 

2: 

►  f  .-1 

X 

•   ••— 

»*   ««i 

> 

•CJ    •> 

<o 

•-< 

*•* 

HUJ«- 

l-XZ 

^*<o 

r-t'-'O 

»-l 

II  h-tu 

UJ  II 

♦ 

u  o:> 

-    IUW> 

ii  h- uj  ii 

»o 

1— 

II  -ft-  LU  II   UJ 

■t-UJ 

LU    • 

JL 

*- 

<x 

^Z"— ' 

J>H-CJCO 

•-•UJ    • 

CNJ 

z 

i-im  •     _j 

1-3 

— CUO. 

H-— 

Z 

a 

UJ 

^crcju- 

CDQ-  — 

1— « 

•o.— z 

ZZ 

*-•      •-* 

-5 

u_ 

r-  ii  j 

-  LUX 

ro     i-h-> 

O 

<l 

in     »-n»-i 

•—I 

•*  II  — " 

tu    •» 

II 

l\4 

—» 

^"--i 

CNJ  H  — -    — 

l- 

cc 

CM  II  — •  -»- 

II  •- 

Z 

CX.  t-t 

it. 

UJ 

>- 

-j 

*H 

»— 

•-♦z 

-tf. 

CJ 

v» 

UI-11.-U 

1— CJ 

<_;-»•-• 

<S}> 

z 

UJ 

cjz»- 

LUCf»«-»*-J 

LJ->«-«^ 

CJ 

4i. 

l_JJ»-r-iJ»cj 

ZCJ 

z 

J_ 

^UJ 

CJ 

1— «i-H 

CJ 

CM 

UJOJ 

Ol 

«~» 

vr              "» 

<OP" 

CM 

l\J 

IM 

1M                    »M 

1M«M 

CCJ       CJCJ       LJCJCJCJ  CJCJCJ  CJCJ  CJCJ      UUU<->  CJCJ  CJCJ       OCJ 


275 


oooooooooooooooooooooooooooooooooooooooooooooooo 

o.  a.  a.  u-  a.  a.  a.  o.  o.  a.  a.  a.  a.  a.  u-  o_  u.  a.  u-  a.  ul  a.  u.  a.  a.  a.  a.  u.  a.  a.  a.  a.  a.  u.  u.  a.  u.  a.  a.  u.  a.  a.  a.a-u.u.a.u. 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

aja3CLaoa3ciJCLccciJcoa2cccx;cuciJajciJcca.ia-!  a3QjajcLia-u3cijcu(LajajCiJX)CLaDcua.|ccajaicDcuaDcc:ajCECDa- 


X 


X2  a. 

U)VJ  J 

Q.X  U 

at-  a 

->z  J- 


-«• 

2 

002 

oa 

~3 

3 

LJZ3 

U.LU 

•• 

LL 

^LL. 

l-> 

«e 

• 

O  •■ 

4C 

LU 

LU 

LJ 

<r-* 

LUC3 

LV 

> 

LU 

•"■*-} 

LJ2 

• 

•• 

HH 

LV 

u-» 

H4 

X 

2 

•— 

2 

2 

oa 

X 

r> 

o 

<r 

0C3 

ac-z 

1- 

LL 

LU 

X 

ox 

<Ui 

a. 

•» 

-3 

o 

x  •• 

3X 

«■« • 

LU 

&g 

CO 

u 

ox 

— ► 

z> 

;> 

a 

»- 

LJ 

V'-J 

t-LJ 

«w 

l- 

•» 

LU 

2 

22 

J-LU 

— 1 

v> 

1- 

x 

ai3 

O- 

V7X 

ou 

LU 

;> 

»- 

to 

2IX 

h-^O 

Dl- 

(M 

•> 

00 

2 

<i      «— 

LU    * 

tor«i 

~3 

Ol 

— • 

•> 

LU 

X     a. 

»-> 

a 

Ql- 

.1    —  r-n 

LU 

> 

t- 

LU 

<a 

LJCJ 

•O.LJ 

a 

-)U\M 

X 

2 

< 

LU         •» 

l-i- 

31- 

X 

i- 

•>    •«— « 

»- 

•» 

3 

3    — 

«/)2 

— -J 

»-i  +  3 

LU 

—1 

_i     o 

3~ 

o 

ac 

l-X 

O 

wf-CQ 

3 

O 

«I 

<J.~ -J 

OXU^CT 

fl 

LUO 

tox 

e> 

J>J»    • 

a: 

2 

■> 

;>au 

3    .-»-«N 

o 

aa 

*-'|- 

— • 

x-4- 

•> 

LU 

-J2 

»— XCVJ 

a 

«r 

2  — 

O  1 

^» 

<H-> 

-^ 

h-«r 

LU 

ZOD 

3"   -O 

f- 

»r 

L_l  — 

3sar 

o 

12- 

-5 

LU 

•» 

02X 

o<ip-i— 

-J2 

LU 

• 

Q.t-»t-< 

•> 

e>o 

2 

LU 

— » 

»-z>* 

z  »  • 

u 

o 

-5 

_»> 

X 

J<Z 

»-i 

*£i- 

•• 

2 

-™» 

HU.U- 

HHCJLno 

o 

i— 

LJ-— 

-JO 

2-* 

<l     »- 

** 

!-• 

-3t- 

3 

~5 

U  1  X 

3:x*-"0 

22 

►— • 

•  2. 

I  its: 

> 

t-o 

•O. 

O 

■k 

2>w 

0<tX 

—■ 

o 

3 

»-  • 

~»   •> 

—    <t 

+ 

UOhZ 

LL 

— < 

3a</i 

^  ~«o-~ 

l~ 

o 

XX 

LOX 

>2 

2:1 

<"• 

LU      2   » 

w 

XI- CD 

_J->  -X 

o 

^ 

X    • 

z 

id3 

►>,-* 

M 

_l— 

H- 

X 

> 

2<X 

O      rr»2L^2 

•— 

t-H- 

LO«-i 

,^   »LL 

•-.      X 

^» 

LL.O- 

~2 

ai 

M 

X3~ 

X—  HH<t>      • 

o— 

a_j 

|n  i|i 

+  K    •• 

>w^-<I 

>2 

LU    •  >J-'»- 

I-.HLU 

»—  U-  r-l 

U>    •»  •  </>!— 

•  LO 

LU    • 

•-2:  it 

Z>^2. 

2X 

cr  ujin 

a.+ 

LL 

wX 

iuo*>cr— u i 

LULO 

>>- 

XX    «^»-»«- 

•»*     «<l 

•O 

1  -l 

H- 

LULU 

LUU0<X 

x  »>«-«ot—  • 

_i    •• 

a 

XI— X 

»-«_j 

^♦<o 

t-l*- 

a,  •■ozj^r 

^>u_  n 

LUCU2. 

h-vO"»*    •*£l/.l 

fU^W 

-st~ 

i—  •    UJ 

— j— -» 

H  |— LU  || 

>r 

II  * 

LU(X< 

_  a>r 

2 

</)<t<l 

w      Ci 

U-OCtw«T 

UJ2 

OL^Y- 

LO0U 

I-4LU    • 

m 

t-»LT\ 

:>a. 

CD 

LU 

>■ 

UJ        |-LL  ||  (- 

X             II 

23 

LU^CI.  I|  LJU_ 

CCQ-'» 

■ 

02UJ      O 

_J  ii  a. 

O  II    II 

|~LU<« 

2  M  2LUCJ 

X 

>-   LU 

i. 

-*        HH-J 

o 

f«1 

— '1— — 1»— 

ai 

t~ 

h- 

^l-X—f 

■>«— 

w|_t— 1/» 

UJ— » 

^1—  -J 

,M   (|  w     » 

»- 

o>  II 

.*-      ft— i 

•— uji: 

ux 

^>»-»CC.       LL       a.       •-*       U_ 

-L 

-J>- 

2.        — > 

pmt 

uju_cx.«iuj 

W)U . ' 

KU-i. 

Ma.uu-r-u-uju.aur- 

t— "- 

**«.»—•—"•*•**■ 

«-J|— U-w 

LJ 

L_ll— 

»■*, 

:«*->Ly 

<liCLL 

trj<i«a. 

t-JiU-^ili-"* 

-••-•^LiSZ 

•-< 

»-<U4</)_J»mv-» 

LJJ>— i^ 

U» 

LJ> 

a 

MLI 

LU 

CJ 

LO 

a^>uj 

LJ 

u_VJU 

h- 

«4.         \J> 

LP 

»-»o 

r-Luaj 

•-1 

IV 

L_>L_)       LJOLJLJ  LV*-»  «->LJ       LVLJ 


276 


oooooooooooooooooocooooooooocooooooooooooooooooo 

r^r^(^(Dooajoococuoo(ua)QOo>o,v,v>tr,g>uio»y,o<ooooooooooHHHi-<i-ii-*H1-tiHH(\j(vj(\j(\j(\j 
in  in  in  in  in  in  in  in  m  in  in  in  in  lo  in  in  in  in  in  in  in  irv  in  so  '■o  o  ^o  o  >o  no  «o  no  o  >o  o  no  »o  <o  '■o  <o  vo»oo^o>OnO>OnO 

aaao-aaaaaaaaaaaa  d  aaaaaaa  ac.a  aaaaaaaaao.aaaaaaaa.aaa 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

CO  CD  CO  CD  CD  QO  CO  CO  CO  CD  CD  CD  CO  CD  CO  OD  CD  CD  CD  CD  CD  CD  CO  CO  CD  CO  CD  CD  CD  CO  CD  CD  CD  CD  CD  CD  CO  CO  COCO  CO  CO  CO  CO  CD  CD  CO  CO 

a 

a. 


0 

»-« 

z 

1- 

»-H      • 

<l 

ox 

i. 

4.UJ 

a. 

-Jh- 

^ 

aa. 

CO 

V>UJ 

•-•> 

a 

a 

i-« 

h- 

U 

>-</> 

CC 

UJUJ 

1— 

CD 

• 

z 

K- 

-J 

LU 

COUJ 

O 

a:x 

X 

OK- 

UJ 

us 

3 

h- 

h- 

Z> 

oc 

0 

Ct-CC 

LD 

a 

UJJL 

:> 

2: 

e>h- 

Ul 

Z 

a. 

0 

U(J 

0 

LU 

JZ 

-3 

UL 

QC 

O* 

►—1 

•» 

m 

<— » 

OK 

h- 

t- 

•> 

in 

zo 

Z 

z 

-J 

i_> 

• 

UJ 

LU 

< 

H 

♦ 

in 

X_l 

—» 

2! 

»-« 

h- 

CO 

LULL 

>*• 

LU 

Cfc 

O 

> 

«-UJ 

m 

O 

K- 

O 

w 

a 

tXQC 

•• 

< 

K- 

K 

to  1 

nO 

_l 

LU 

— 

«C 

>ct 

w 

a 

—1 

O 

»-« 

CJ 

at 

LU 

CO 

• 

<f. 

u> 

J_.> 

Ul 

a. 

»-• 

•  U' 

KU 

1- 

1/lCC.^ 

II 

«— 

v 

1-4 

< 

too   • 

2: 

-» 

CC 

♦-CC  — 

K 

1— 1 

*   CO 

•3. 

UJ>-> 

sraco 

> 

-J 

•>CCCL 

LiUJO 

z 

LUQC 

** 

<l-»- 

LU 

-H 

— 

• 

IO 

0 

I^Z 

ao  ► 

—  —  CM 

2  -3  «* 

*-•  i-4  o 

—  *  «-  I- 

>  LL  > 

+•  *V  +0 

l-«  _  —. 

2.  2:  ;>z:  o 

~*i—           1-    1—          •                  — >— >r«        zi-        z  •        stu  ^j  zz-)  • 

•  j>             _j         OH-                 LUU.U-+      jl^o.           *>o          *co  co  •*/>  uj 

CJ                           •       LUl-<       O       ^             2             H-       I— O.Z             i-<                   *-•  •-»  _J 

cu  11  lu         1—      sccj        »vrtt\)           11  11  u.      •ui<-           11  ll            ll  11  11  uj  *— 1           h  11  • 

•  3        2.     -doccocc-ri—  (m               z    olucj        i-«           2  _j  sr       *i  cc 
a— z        •-»     *-H-    a     z         ••—a        oc£<_>            —            —  — z  o               —  -3     a 

i-«-3»—          -J          ZIIZO      O      CO~5_J  II       Hoi          00i-»          r«-i-4  i-it-«  o          o«-»  z 

**  •♦—         w     i—uj     «— t- 11  >-     co*^o                 —         m— »         niw  w»—  11 1—         >j-w.  n      ■— 

u-**uj          u.      ^;      "ju-u'r-u      i_>_J_;u.      ul»^u-          cj_J          u/_J  uji_>  c_;i_<          c_i_j  ««^      u_ 

~^<U             >->        ^LU»-«»-»0^;e)       OLLLL^.        LUL_'t—              CJl/J              LJCO  LJO  — IO             «_)*/»  _J       »-< 

r<4          >T      v_/^-               u\          vfu               lu**                                     1—  uj  cr«c3  <— • 


l_)<~»      CJCJO  lvo  C-)l_)<_)       <->LJ 


277 


oooooooooooooooooooooooooooooooooooooooooooogooo 

LnN©r^cou,©f-«cMo>'Tu^>Lir-oou^©i-icgo^*rLnv&r^cDu*©«-«cMni>Tu^<J 

c\j  pg  cm  cm  rsj{rif«  icmp  >o  >c  in  »oi  cor  i  ^  >r^  >r^  ^  >r  >r>r>r  to  in  in  en  in  lolololo  in  >UNO»0'-o>u»oovo>©>oi^-r~r- 

aaaaaaaaaa  aao.aaaaaaaau.aaaaaao.uaaaaauau.Q.aaG.aaaaL\.a 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

cDcocuaDCLCucDCL'aDCL^LDajaiaj.  cQCLJCLiCcajajaDaLcocucDcDCL^ 


2  — «>JOCM  | 

C-J  Z 

<->  II   II   II   II   II  <C 

x  cr      • 

l-  aoccLoca  h-  <r     a 

Z>  LLUJULUJUJ  lu 

LJ  i_»-,»-._m  ^  O      J- 

J_  LU  t—       LJ 

t"  I-  •«. 

1-4  •  h-  ,    O     uj 

_s  x  iu  o     a 

UJ    •  CD 

O  H-LO         •  —      tO 

uj  at:_j     i-  >  —     _j 

X  tu<I      cc  -J  2     < 

o  •  >»-h    <l  »—  z:    •— 

<l  j_  CX      I- 

I— H-      </> 

•  VI 
XCCJC      h- 

LUO  O- 

1-301 

•a  io     x 

t/OLUttU-       uj 

z    <jjq  •cc 

*      _J  O  —      MUJZUiQUl 

O       UJ       <.  UJ  vO       Q_JUOUL!> 

ci    o  it  cd  in  ^cd-i^x 

Z  ct     m  »  uj»-«  i  <it_)uj 

—  *•  h-  9+T  3  >o  i/:oX<*_J 
O     Lu  _ I  a  w  j«zuaicu 

•  LL       U_<iC;       Z  — »Uj       2ttM 
UJ       Z       <_l»-.|—                              UJ       «»-LL.«):^       tO 

z  *        oe  x  k                   to<t 

•  H-  ocho  u->  »-•  crQ»Q.uj_JUj 

—  a.  uj     o  l-  a:  DOQ3<u. 
oi  Z  cD3  a:  3  u__j_j_ihi 

Qu        •»     ZUJ—      UJ  LUUJ<CXO 

Z      I-       ZJZ<t       >  —      »->>>»-Z  LULL—      LO| LU21       Of-       —  -  »   •.  J-Z 

»    z    z    k  o    zujuj       •-*        i-  *cn    «-h    o— c?^-    uj— »z        j*^*-!^  >  » 

I-      >-»  UZ      I-  •      t-«OC_>ZZU- 

u,  •»—  •     to  t-     lj        oo  uj'—uj     t-'-'LUin— 0     h-**u- 

Z      I-       X      LU       Of.  O      LVH-t-»-H      |—  ;>       U>  _J    •2.LL.       CJZ 

—»       J       <lt_)U»       U       V*  •  OLJ*-»—  LJLU  .>    •      u-l/J    «nUww       Z^ll 

l-»     O     XO  •     s.     ^roof     Qf»zZtjt-«z^)     kojo:     »-»»-Hor«- 'Zto     <iu_ 
O     a)  (-       12  u.     UZZZXZZ     tou-uj  j_a.      _>cO  — 

3L  LU    »Z       U-3Q  II  Z       K<t<3'-»<l'-»       LU       •—      h-*—  ZUJU_<       I —  If  .— • 

«-»     _i     xh*-     i—     ?—     —     uuuu-jui-     cu_j—»     cl     <*h—     •-•     — 

—J       t—  LJ  I     II         Of.  LU  Z  -J  O.U.        »-«  *1^. 

u.     «*.  ^.u.     r—     ujuuu.      -j  \_i      i_i«y.u_     j—  MitaiLU.     uuj»._j 

•-«     i_/     to     n*      **.~3ty»-«»-«     — i  *~ —«——"-«  lj     zljhi     to     •— <^»— <•— >     ->>-ul 

<lLL  LU  l_|»-«C\l«"U>J-U1  •—  LUOC  »■* 

_L»-itM        Z  *'•  LJ  N         LL.  ULl_>  <*>  (J>ti 


» 

UJ 

to 

^ 

u. 

at 

^ 

L_> 

>- 

<s 

3C 

CM 

> 

LU 

>r 

z 

LU 

to 

^ 

CD 

LU 

u 

;> 

■2- 

t~ 

z 

to 

O 

z 

> 

OC 

< 

* 

t- 

LJ 

u> 

i—i 

LU 

z 

LL 

•■ 

u 

M 

CL 

z 

UJ 

>- 

CD 

'  —■ 

l-< 

»-4    , 

i— 1 

2. 

to 

— trx 

•— i 

• 

— «4"<I 

_J 

fl> 

s:    s 

1-4  QC 

WCJ<J, 

to 

\r- 

z»-  • 

CO 

vO 

Z     i 

C\~^      LU 

LU 

-J- 

oi-^tllo-j 

-J 

H-lfl 

•O    • 

z 

o 

1-Qf.OZ      — 

rj 

— \- 

-J>-»~2.— Z 

SL 

_IU- 

>zs 

>- 

-o 

C      i 

a  -2:> 

or 

•zo 

tOLLICD2:>  1 

i—    — 

xo 

X 

— '    •— 

z 

LULL  — 

tot- 

—      LU21 

Of       <— 

i—  •■cn 

t— 1      1 

o— C?^- 

LU— Z 

Qf^    • 

XtO 

•  f»-    »Z 

IU 

r^»—  »~ti— i 

03— . 

^•ww  » 

*H 

^.2.  HI 

■"^ 

L_IUJ_>— 

*_!*/< 

LJl_;tO^ 

UA 

LJ       LJOLJ      UU  LJLJLJOLJLJLJ       UO 


278 


ooooooooooooocoooooo 
m  «r  tri  •>©  r-  oo  tr>  o  *-*  cm  m  >r  u  >  >*j  r-  oo  u>  o  •-•  cvj 
r-r-  r»-r«-  p»  i*-  r-  oo  oo  oo  oo  cd  co  co  oo  co  co  w>  cr»  cr» 

(X  CX  Q.  Q.  Q.  CX  IX  Q.  a.  a.  CX  CX  Q-  CX  CL  cx  CX  Ol  U-  Q- 

xxxxxxxxxxxxxxxxxxxx 

cDCDCDCDCDCDCDcocDCDcacacDaJCDCDCDcucDcD 

t-     Z 


—    <l 

to      — » 

m     i- 

►-«       V 

i-i—.  v; 

-J 

>- 

x     «a 

a.    •»- 

o    *■* 

<lO<l 

•-•     cx 

t-z 

J-      h- 

i/iuiu 

JB 

l-H 

J-         •» 

hQO 

x    f-    r- 

<t<.QC 

IX'       •»      • 

UJ»~ 

h    in    ti) 

LULJZ 

CX       »-•       ■— 1 

«-» 

_J        LU 

OJ                 u.' 

l-t 

CXI    «0 

J>— cc       * 

1 

o(- 

-  O     - 

» 

•-•ocec 

LU    •IX 

«-» 

Qf<lC3 

_JX             CO 

2. 

<tl- 

cumu      <i 

•> 

>tox 

NiH-CU       _S 

« 

LU 

coacw 

— 

Mi 

ai-H 

<tLUZ      z 

r^ 

> 

z«a 

LUJ»<».        •-> 

• 

■> 

♦-»     iu 

IX      X      X 

u\ 

z 

>o> 

t-l_> 

t—t 

^3 

_I«XI 

OcOZ— Q 

IU 

IX 

H-t-X 

ZU.O     -J 

•■ 

«. 

XXII- 

•— CC        •<_) 

• 

^ 

O-J- 

IX       |-Q 

«• 

O  - 

zcoai 

in 

;> 

ixi-i^r 

1—  cjcju- 

*— 

« 

o>^ 

LJCXi-LU    •» 

t- 

•» 

Zix_Jix«m 

^ 

> 

Zh« 

Z         <tOH-. 

o 

z 

DZUU 

OH-       X    * 

t— < 

» 

t— •»->_) 

CJCXZUJ- 

»- 

;> 

1-  <1CU 

<ILU         • 

V-J 

z 

OCT  l-i 

Xt-LUCOO 

i: 

•> 

LLI|— CO 

^•<OCD_JZ 

r> 

1U 

£*</>< 

intu     <i 

IX 

CJ 

HZUJ 

►or  </>♦-•</> 

z 

GUU. 

>r-  <cc»-i- 

-LU 

o  - 

o 

«-•   »X»-      f-5> 

vomuj 

a    t-i 

X            X 

•  *-* 

IX 

Zl-Z 

-jmZZLU">t- 

ooz-* 

^t-«t-« 

<lHOUH-^U 

»-t-  -2. 

CJIX 

•-«    •*-«       OtUJIXI 

t-~ 

Xl- 

ce>r»-H-iu 

-~) 

OOO-Z 

IXI-JI— 

*-«-'0«-«>-  ca 

ouzo 

QCXO 

•zs 

a 

►ix 

z^z 

t-t-3«"H»-CO 

-*— 'H- 

»-ic— «2: 

<ICOlX_ICO»-«Z 

moz- 

oo< 

oaoo"J 

»— 

•  •— cu 

IIU 

XUXJ-CUZi 

H-ai     m 

ooo 

©-*©f*-0»-«© 

_i_il-  * 

inin- 

i-«      vrCM-  3L- 

•     «_>MJ 

w^ww 

— -U-— '^-- 

w 

CXQtLJw 

IX!                    .£ 

LUCXCU        Z 

1— H-»— 

l-OI-l-h-UJH- 

•-•Z      UJCX 

<!<.< 

<iz«<iz<; 

— *•—•!—         at.u.cx'^u — I'Xiiii     ixu 
u. u_ <j. <x uj         i_»i— >U"  <-J     cjc-Ji-J-  \-i^. 
t-«i-»ojecx         ixixix   tu_i_iixu-ix     ixixi 
— i     —*  —* 

cr»  O  r-iojm      >r      u>«iji—      uj 


279 


ooooooooooooo 
•-i  c\j  o » .4-  u^  so  r-  ao  c?>  ©  •-*  04  m 


CD  CD  CD  CD  CD  CD  CD  CD  CD  00  CD  CD  CD 
LL  U_  LL  LL  LL  U-  U_  LL  LL  LL  U-  U-  LL 


*~ 

O 

2. 

e> 

•> 

Z. 

— 

Z3 

« 

LL 

n* 

•» 

«•» 

*-* 

z 

*-o 

z> 

uo 

LL 

>-» 

• 

CDZ 

UJ 

U-3 

-J 

LL 

• 

LU 

^— • 

Z<£ 

►2. 

1-tLJ 

tMw       UJ 

!-•-• 

II  ^       3 

OW 

»-«=>      Z 

o^*-* 

LLt-i»~t 

(XLU 

-"-      »- 

OJ-t    II 

II  -£ 

LJLJ 


280 


oooooooooooooooooooooooooooooooooo 
-4  cm  r<  i  «j-  in  o  p-  oo  tr  o  •-*  rg  n  i  -r  in  >u  r»  oo  cr>  o  -4  cm  n  i  *r  u "» <fi  r»  oo  cr>  o  •-*  cm  p  >  «r 

_,,_(,_l_Ht-»_l,--4i-l»Ht-tCMCMCM  CM  CM  CM  CM  CM  CM  CMP  M«  >P1  P  )C1 

»-l-h(-(-KKH(-ht-(-|-t-|-l-l-t-t-hKH(-l-»-Kt-|-l-t-hHt-l- 

cooouDooouoouoooouooaoDuooaouoouou 
cu_jcocococ_ou(__cocijodcijcdcd 

f-Z 
O.UJ 

ja 

«_JLU 

•  «*L_ 

z»» 

II  LUC/) 

LU 

COI~_J 

_j__aj 


coa> 

• 

IU__ 

<a- 

-JOI- 

*•* 

CQOZ 

— UJ 

•-      LU. 

— >r- 

CO    •  <__ 

p-  •» 

CU2 

— ■  «x 

U    ^U) 

«— •>»  *— i 

U--    u. 

r*-»HCM 

»UJ 

•  LU— ' 

•  XQ 

— » 

>r'-s 

o<-z 

«-» 

i-*  »p- 

z  •*♦-> 

r- 

UJX    • 

-  m- 

• 

r-i-»^ 

•»»— »  •> 

>r 

-<M»-4 

X  «-x 

— 1 

X-— LU 

>r-  mj 

LU 

Hvr* 

»      »• 

r» 

CMr—  •• 

in  ii » 

•» 

—  «x. 

t— •       LU 

x 

-S.'TCM 

»OJ 

i-4 

p-— >  •• 

-  Z_l 

CM 

•  LUCM 

o<i- 

■»— • 

<rr-»-« 

<■» 

ii  •-•;>• 

'    'N. 

—i  _  » 

> 

i-    cor- 

LUX- 

z 

VXZh    • 

P-P-X 

— »         #. 

_iZ30z«r 

-  ••> 

>       -« 

<t._jl     ■  >■  Il     1 

X- 

Z       II 

t-«<Il— <-LU 

^XLO 

••in  ;> 

LUCM  Z 

«_>  —  ••            — 

ZU  -»          l- 

•.  It         .> 

LU   ••  "J           Z 

u_— .u_  •»            » 

zoo  —        a. 

»U>2  t->           _> 

H»-   •  Z 

U-ZtU  -3-4        ||                              -•.»►-«                 0_;>OC_P-      <-«LUtO 

ZU.U.  «-»           *"3                         -4-4-               t-uj_-h-   •"          H-LU 

•>     __.  _»o       ••             cm      n      phi      —                     jw^     L_C_-- 

J_    _   »  wf.       -«                            1-4            ►-*      l-i                  _JZLLZCM— 'l—  LU 

__-*h-  »            H-.                   O          »      O    *      »-                  <lO       O    *P-0>LJ 

wo"-  *■*_;      »           i—     *—    H—-*    o            t— 1-4    or-  •ex     »-« 

mz  t~*o     -?                  ►*•        +*    «-»           oh-          •*r(— •— o 

h-  »  •>  _-        _,           o    «■«    o—      •>           »— o    h-oo-42:loc_. 

DOI-  Z—     >              O     O     OO      ^                  Z     »-i»-«LULUUJ|- 

Omz  LU>      —«                         «—           —      •-•                  •ZDOOLUP-OCDZ 

CD—-  2                         -»               «—                              OLU-  hh   ••  »<3      UJ 

>—  «-»  •    -»           o    —    o-*    —           <£    *^-J    ^J-    o 

LU      ">f  j^UMUt-lvO                   •      P"         •00      O*                O    •inU-X'—iOOO 

»-H_jvU  t-l1*/    *^>UUJ           ^£. 

H-"-—  n  n. .1-^—3             • 

OLO  «-4       ^            Z            5^ 

OZLU  LUZIIUJt-i            i-»       ujuch-luq:  LUCC            <X  II  0<L«« 

«t.-r  i.i.X2-i- 

aj-i.*~«  •-<     u.*—^.                 *-*t—     »-ir— t-i»—         ex.  »c/)»~Ci.fctcz.ci.iz.i 

— "—a.  uti"-»ixu          u.      aaiu.ixiuu.uj          u«"«s.^uuijljU- 

tOI_)Ji  l_J^i-H^je^              •-•        ^LX»-»^UL  JCCX              LL.t-4l_ILUU.U-l.LU.U_  I 

i-4CM«'» 
—4  CM  C)  «T  UlvUP-CULT* 


281 


oooooooooooooooooooooooooooooooooooooooooooooooo 
f^ojo>*ru>vor-ajv»Of^csiro>ru^vor-coo^o«^cNjro>Tu^sor^co^O'^<rijnvu 

0.0,0.0.0.0.0.  0-0.0-0-0-0.0-0-0-^0.0.0.^0-0-0-0^0-0-0^0.0-^0.0.0.0.0  0.0.0  0.0-0-0.0.0.0- 

ouuuouuuuuuuuuuuuuuuuuuuuuuuouu 
+  +  +  +  +  +  +  +  +  -»-  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 


•+•¥  +  +  •¥ 

♦  > 

+  +  +  +  + 

>• 

•f  + 

+  +  ♦  ♦  + 

»- 

cu 

■f  + 

♦  •+•  ♦  +•  ■* 

^CVi»    • 

• 

0 

♦  ♦ 

*♦  *  +  + 

UJ^.**- 

t~ 

-SLJ 

■*  ♦ 

+  +  *+  ♦ 

cj»-»co 

2.        _ J 

h-tu 

+  + 

+  +  +  +  + 

zoa 

O       CL 

H- 

+  + 

+  +  +  +  + 

LUZLU 

a:     z 

LLi-< 

•►  + 

+  f  •+  +  ♦ 

U.  \±iS> 

u_        f-1 

o*. 

+  •♦■ 

+  +  ♦■♦•♦ 

uju 

LU 

*-* 

■♦•  •► 

+  *>•»•♦*» 

(-JC.'LU 

ZXt- 

LL'-J 

+  +• 

+  ■►  +♦  ■► 

ZUIO 

txt— <l 

CO 

+  + 

+  ♦  *+  + 

_j*«CJ»-« 

Z)     x 

-»co 

+  ^ 

+  +  •♦■+"♦' 

<1       > 

l-ZI- 

t-« 

+  •¥ 

+  +  ++  + 

►-•LUZ 

UJK-. 

•♦ 

> 

+  + 

♦  *■  +  •¥  ■¥ 

2.X«-»tr 

at  <i21 

u 

ma 

+  + 

+  +  *■♦■♦ 

oh-    a 

>-o 

LU 

O 

+  + 

■f  *       +  T 

z     co 

tcrnx. 

UL 

i_i  t— 

>H  -^ 

+  +       +  + 

>u_»-  ► 

UUIi. 

»— < 

UJU 

+  + 

*•♦       "f  * 

JU2UJ 

U-O 

=7 

COLU 

*  * 

■»■  +       *•* 

O        LLi_J 

_>     ai 

t-tf 

ct-> 

■»■  ■♦• 

♦  ♦       +  +• 

a.CO'-'CQ 

-10 

LU 

LU 

+  + 

+  +  ae  +  + 

<i3U-a 

I-S3 

CO 

OLU.    • 

+  + 

+  •+■>  +  •* 

uiou.<i 

z    o 

CL 

z: 

zx 

+  + 

+  +  Z  +  + 

<XO.LU^> 

a  aui 

CT 

<i 

cO«-i<l 

+  + 

t  +  •-!*.  f 

L_i 

•— tc_>  v> 

t— 

a 

»-•     a. 

♦  * 

+  +  CV  +  f 

U-UOH- 

01- 

o 

0 

cuo 

+  + 

♦  *        ♦  ♦ 

cz    z 

HHt_>LU 

LU 

0 

ctxo 

■t"  * 

+  +LU  +  * 

•— <Li_LU 

U-LUCO 

;> 

a: 

ot-a 

+  + 

+  +  Z  +  + 

aaoo 

X>QC 

a 

K      Q. 

+  «♦■ 

+  +  »-.+•  + 

oz    z 

LU       LU 

LU 

1 

OCL 

+  f 

♦  +  ►-+•  ■*• 

)—  LUOLLU 

aw> 

X 

cu 

LUOO 

-f  -H 

+  +3+  + 

UOGQ. 

0»-«LU 

H 

3 

>    z 

+  + 

+  +0+  + 

UcOt-LLI 

..       XOC 

CO 

UJt— ' 

+  + 

+  +CC+  + 

xuo 

CO-iK 

LL 

H-M_i 

+  + 

+  +CXJ+  -f 

UJZ 

a.<i     z 

(J 

z 

3>--J 

+  + 

+  ♦3  +  +• 

<Z>«-' 

LULUUJ*-« 

0 

D-CO<t 

+  +  — 

♦  ♦  </)  +  + 

*H 

H-OCZ 

z 

►•>« 

Z      O 

+  +Z 

+  +        +  + 

U4        <U! 

LU      — «r» 

o 

1- 

i-LU 

+  -t-    » 

♦  +        +  * 

oco     X 

z:u_h-»- 

►—I 

0 

XLU 

•f  +X 

+  +        +  + 

Zh-OI- 

«ODZ 

CO 

z 

LUH-X 

+  ■+"— 

*■  +        +  + 

<lZh 

QC       QIU 

z 

r> 

X       t- 

+  ■*■ 

+  +        +  + 

aai     u_ 

<ococ:»-« 

LU 

LL. 

1" 

+  +I- 

+  ♦        +  + 

cti-iuja 

LU— 

Q-OCDO 

21 

•z 

+  +  QC 

+  +        +  + 

<OJ 

oz 

H-Z3«-< 

— 1 

Q 

U.WM 

+  +> 

+  ++-H- 

LUk-CQcO 

z  - 

xooou. 

O 

Z 

00- 

+  +  z~ 

+  +  +  +  + 

(xu.<a: 

LUX 

OLU      X 

<l 

oz 

+  -^t-i^ 

«"» 

+  +  +  +  + 

U-I-hUJ 

3~ 

>LUUJ 

LU 

tuoo 

■f  ■*-a>-' 

»-» 

a. 

+  ♦  +  «►  + 

OUJCtJC 

UK 

z     xo 

X 

CO 

o_i»-« 

+  +        X 

C\i«— 

t-»«««» 

2- 

*  ♦  «•  •*  ♦ 

i-o«io 

LuU. 

0<h-0 

»- 

LU 

Z  1  VI 

■f  *LU 

z^-? 

zx 

LU 

♦  ♦  ■♦•  ♦  + 

O>0- 

co> 

*-* 

Z 

LUOZ 

f  +  zz 

*w    1 

•• 

f- 

♦  -r  +  *  + 

•• 

Z 

H-ll 

II 

WUJ 

_)t-)LU 

<H   ♦•-!»_>•-« 

^o<.l-l 

CV4  II  LU 

LU 

♦  ■♦■♦  +  + 

UJ 

Om 

a. 

H-Z 

••0    2: 

■►+»-t-H     1 

H        + 

n      ID 

113 

♦  ♦♦  *  * 

CO 

za- 

»-• 

30 

Otuo«-» 

"»'  +  ^COZ 

->ll  Z 

•-•— z 

Z      Z 

*++-»■•»• 

o 

I-H 

IX 

OZ 

0(/)LUO 

+  +0<: 

!-«-• 

— »►-•     a. 

r  *"f  *  + 

U. 

— I_J 

o 

(X 

X    1- 

f   ^  UC  LU   II 

l\JU-  || 

-•     1    1- 

^ir-     3 

ac 

u. 

— J -J 
oo 

LU 

t_)X 

cu 

CO 

|»CUCOCO 

•¥  tOJi 

JL 

*-*<£. 

^.-s.     i—  cj 

z 

i.h-Z»-« 

■r  +coi_jz 

CJI-Z 

uxu 

X.O        UCLU 

■♦•  f*  f  + 

-^  ■♦■ 

»-• 

<\j 

UUUUUUUUUUUUUUUUC'UUUUOUUUUUUUUU 


282 


ooooooooooooooooooooooooooooo&oooooooooooooooooo 
^^r^i^r^^^rH^^^tvjcNiojcNjc\j(\jrvjrMr^ogpioirrtou^rf->('>rir<'inivr<r<r  vr<r<r<rsTvr 

OOUOQOOOOOOUCUOUOOUUOUOCOaDUQUOOOUOUOUOODOUOOUUO 

ac  oc  oc  cc  oc  cc  ococccococ  octree  a.  ococcr  or  ex  ex  ex  tx  ex  ex  ex  ex  ex  ex  ex  ex  ex  ex  ce  at  or  ex  ex  ex  ex  ex  ex  or  ex  ex  ex  ex  ex 

UUUUOUO^UUUOUUUUUUUUUUUUOUU'OUUUOU 


♦ 

■*  -h 

♦  ■* 

•»•  * 

♦ 

+  4- 

•►  4> 

CO 

f + 

♦ 

4"  4- 

4>  "•> 

1- 

U_ 

+  + 

+ 

■*  -t- 

+  ■*• 

a. 

2 

LU 

—1 

+ 

♦  >♦• 

■+•  "* 

-j 

»—i 

X 

U- 

CO 

*  ^ 

+ 

♦  4- 

+  4- 

< 

o 

— i 

>-»- 

+  + 

+ 

+  4- 

+  + 

X 

«-<u: 

1- 

< 

CQZ 

+  + 

+ 

+  + 

+  ♦ 

a_j_ 

J_ 

J. 

LU 

■♦•  + 

♦ 

•+■  •*■ 

♦  ■* 

►- 

LU- 

cy 

L>)>— 1 

■►  > 

-f> 

♦  *• 

♦  * 

J_ 

LU 

»-< 

*- 

r-O 

•«•  * 

4 

+  + 

"►  t" 

Ci> 

CLL 

ac 

X 

o»- 

+  + 

+ 

+  + 

"►4" 

*-» 

UQ 

cy 

au- 

«f  * 

+ 

4-  + 

4-  + 

a: 

o 

»-t 

LX  li- 

+ ♦ 

+ 

4>  4- 

♦  4- 

LUtyi 

z 

a: 

•  • 

eu 

+  + 

+ 

+  * 

♦  * 

co 

xac 

u 

LUCJ 

■t-  <► 

+ 

♦  •*• 

♦  + 

«i 

h-tu 

CO 

CO 

LU 

^«J 

+  + 

f 

^ 

a. 

JE 

**. 

^i. 

a. 

<l 

+  -r 

"f 

■* 

e><_> 

X 

X 

►>H 

_J  -J 

+  ♦ 

•¥ 

♦ 

CO 

^a 

_J 

ixo. 

+  ♦ 

+ 

♦ 

•—4 

_l 

_J 

CJ 

•-« 

■►  ■♦• 

+ 

•* 

Z 

zo 

<1 

<a 

LU 

U.2. 

+  ♦ 

+ 

+• 

I—I 

•-Z 

»-« 

(— > 

(X 

-JO 

4-  4> 

+ 

+ 

X 

+ 

»- 

+ 

<l 

zz 

z 

z 

S- 

— 1 

4-  4> 

+ 

3 

♦ 

1— 1 

OLU 

> 

> 

< 

|-L_I 

4-  4- 

1" 

o 

*> 

2. 

<_J<~»       • 

-J 

—i 

CL. 

XU- 

•^  ♦ 

"f 

ex 

4» 

CJ 

CO      >■ 

CJ 

u 

Ll> 

0 

+  + 

■♦• 

"* 

*£ 

>-LU    • 

a. 

Q. 

O 

H-MJJ 

+  -^ 

+ 

LU 

+ 

> 

<DV)> 

OC 

CXX 

4-  4» 

+ 

Z 

+ 

_l 

Od            <l 

LU 

LU 

a 

1— 

4-  4» 

-t- 

»""• 

+ 

LJ 

aziua' 

X 

•  X    • 

I 

ex 

+  +  — 

^ 

t- 

IX 

<>.»-♦  _J0C 

►-cot—  CO 

cu 

ox 

+  +-i 

+ 

3 

+ 

Q0< 

1-    ♦- 

3 

1LO 

+  +0Q 

+ 

o 

+ 

<r 

••_j_j<t 

coocoo 

CO 

CX 

+  +<t 

+ 

(X 

+ 

cO<K»-itU 

CUOLUO 

QLL 

+  4-h- 

+ 

cu 

+ 

u_ 

az»-ai 

.-^-cut-ex 

<L 

LU          • 

+  +CO  — 

+ 

3 

4> 

l-H 

ujo2.«a»-»-<t 

<l 

O 

^:>-lu 

+    4"*H-« 

■♦■ 

co 

+ 

*m. 

»-»-•<_)> 

_J(_'LL!OLU 

•-< 

U<XZ 

4-  +    »w 

+ 

+ 

LU 

_l 

lucoz     u_a»-Hkc»-.z 

k- 

tU(X•-• 

+■  +z->- 

T 

♦ 

Z    • 

cu 

a.  ^c>- 1- o  i- a  <i  (_> -5 

o 

XCXH- 

4"  ♦    •• 

♦ 

4> 

l~«*/7 

<l 

4UI-JZ 

JZJZJ 

z 

uo 

+  +>■•• 

f 

"* 

2.H- 

t— 

aiatuzuMaMa 

o 

u 

4- 4"— — 

■h 

+ 

aa 

"CO 

<i->aoo 

1 

1 

UL 

CAXCX 

4-  4-       t-l 

■*• 

+ 

ma 

LU»-» 

CLO      Z"- 

QC  1 

1 

•— <| —  CO 

4»  +XC\J 

•*• 

4> 

K-tX 

O   * 

LULUCOUJ    1 

1 

o 

D3 

+  +»-   • 

T 

+  4-  4> 

LU 

zz 

LL-LUXQ-^OO 

«-« 

z 

-lOco 

t+DO 

-* 

+  4» 

+  4- 

QUJ 

LU    •> 

CZI— LULULU 

< 

<lcX 

+  +a>r 

+ 

+  + 

+  + 

z 

3> 

C      OZh 

hi      LU 

4-  ■••CX^ 

O 

4 

4»  + 

4-  4> 

(_!<. 

u« 

Z       ULZ»- 

Z 

co 

2.  LUX 

4>4-      < 

o 

i-<    • 

♦ 

+  *■ 

4"t- 

H--J 

LUX 

0«lt-)»-<LJ 

i^ 

LU 

OI(- 

♦  ♦LU 

>r 

(MO 

o 

O 

+ 

4-4- 

♦  + 

a. 

COI- 

•— < 

z 

z»- 

+  +  *:z 

•> 

•* 

• 

■f 

4>  *• 

+  f 

•• 

u 

r-  ii           ii 

II 

f««jU 

>      CJ 

♦  ♦►-•u 

•-^ 

— «  II  cu 

UJ 

II 

(\| 

+ 

4-  + 

4>  + 

LU 

oa 

Q. 

HZ 

»JO|- 

♦  -M-«-; 

ii 

M        3 

3 

V. 

* 

+  f 

*  + 

CI 

4.U- 

N4 

— i 

r?u 

DUZ 

♦  +-JCO 

•— • 

"5— Z 

Z 

—1 

OZ 

+ 

+  T 

"♦»  + 

U 

»-4 

a. 

03 

oz 

CCLHH»- 

■«•  t>OZ 

-3«-« 

**> 

CQg 

1 

■¥ 

♦  "* 

"♦•  ■* 

u. 

— i— 1 

o 

<l 

ex 

J-       i_> 

■*•  ♦excu 

<\j 

-«   ►!- 

r- 

«l 

II  II 

+ 

♦  T 

*♦ 

CX 

— I— i 

Wl 

h- 

LU 

l-tuaa. 

-*  ♦cua. 

•-•^ 

^£. 

I—  II 

T 

■T  "T 

▼  ♦ 

_» 

<J.«l 

LU 

(/< 

-J 

aij-u^. 

T  "T  —**-* 

CJ 

L_'—» \_J 

L_l 

SJ» 

_IJC 

•*■ 

"*•* 

t  -r 

a. 

<w»_? 

CJ>             ii 

•— * 

CO 

a.h-u-«-« 

+■  -f 

i— i^. 

t-l 

l>4 

uouuuuuouuuuuuuuuuuuuuuuuuououuuu 


283 


oooooooooooooooooooooooooooooooooooooooocooooooo 
cro«^  cvi  o^  u  *vO  f^  <»u^©»^™fnNrtf^<>r^  oo  u^o^fvioi  ^11^  %or^  Catron™ 
%rinuw^AtfAu»u^ininin<>>u>4Uvj^»«v>u>o^^cr-r^r-i^i^r^f^p-r-i^cococo 

ooaDCuoooooocoaououcouauDUGODacoGcoacjocaouocoDOO 
aac£a:ttC£ttttC]ca:cta:ctcr.c£CfccrcEaa.a«ue^a<xc^ 


o  O  <I  o 

O  O  I  o 

o  o  —  o 

•  •  —4  • 

o  o  +  o 

II  II  SL  II 


in 

o  o 

I-  • 

— o 

O  CM      ^    • 

O  —  •»      -50 

CM      -j  eg      — 'Ui 

— »  ►    w  z    >-  • 

-<     oz  Z     >-  «.         — . 

+          •    •  ••  C\l«-4  II  •-• 

2C»-UN0J>«-4  *H         II  UJ  W   ♦           -UJ 

^^*UJ   |  II  1-4       ^3  ^-«_J^»1NJ3 

1CX.    «Z  -)  +  — -Z  -3-J-l  —  Z 

II       ^^  _l-Jt-i  -J^1-" 

II      *-  ii  en       »t—  >r  it    •—i— 

t-«       II  ii  *-**-  c\j      *i 

XU.        U-IM  1_J        —  LJ  UJ— J— "U-CJ 

jtu-iti-*^:  c_)_j-j<_>  cj-j<i»-«o 


#-4 

eg 

■-* 

CO 

» 

1 

•• 

<t 

cv 

»-* 

1-4 

1- 

m> 

«■• 

w 

00 

<i 

<l 

<* 

H-1 

«-» 

•M 

•» 

»•» 

o 

f-4 

o 

o 

• 

•> 

• 

• 

— 

o 

i-4 

o 

o 

«-4 

• 

1 

• 

• 

-^ 

04      "5 

o 

1— 4 

a 

>- 

C\J       -3 

•>      — ' 

UJ 

w 

UJ 

_l 

at     >— 

z    >■ 

• 

Z 

i£<I 

•  in 

z  • 

z    >■ 

» 

-■» 

•> 

5£w 

->»  • 

..— ■ ■ 

f\Jf-«  II 

>-4 

en 

■t 

HO 

— I.-I 

it 

•^        II  UJ 

II   +        LU 

m 

ii 

.-1  II  UJ 

*•  1 

UJ 

II    •» 

oc^ 

II  .-♦     3 

*-*_j~3 

CNJ 

»-> 

II     3 

H4U.U.3 

t— 11— 1 

-J  +  —Z 

-3-J-IZ 

w 

«--»Z 

wlUULZ 

w 

O  II 

1 — 1»— • 

JH 

<. 

o 

s:-1 

<*. 

»—t 

H<1 

»- 

>o       *t- 

r—  h    M— 

»«» 

1-4 

v  ••♦- 

*»  II 

II   »— 

«-lw 

^h 

II  «-4*£ 

<N^ 

t-«Z 

z 

V_JJt 

«_)      -"U 

<_)—<— »LJ 

U_ 

«_J 

o— l_J 

U-U-JL.^ 

uu. 

<^J£. 

U-KlU 

i_i_i«a«-> 

•—< 

u> 

(_)•«.«_• 

MlLJtU 

CJ4-I 

u> 

«o 

r» 

<JU 

u« 

w 

284 


oooo 

r-ootn© 


oooo 

ccaca-a 


-£       I — «— » 

<_>       OLLU 


285 


oooooooooooooooooooooooooooooooooooooooocooooooo 

QDOQOQUQUOOQQODOQDOUQOQQOUDOOQDOOQQDQQODQDOaOQQU 

uuuuuuucuuuuQuuuuuuuaououuuuauuuuuuuuuuQGUQuuauu 
<«<«<i<«i<^«i<,a<i«««<^««<i«i<i<i«««^<««<i<<i< 

aao.aaaaaQaaaQaaaaau.aaiiQ.QaaaaaaQ.aaaaaQaaaaaac.aaaa 
cj 


u.  _J  <. 


a  —i 
u>  sr 
a.        cj 


»-* 

2c 

s: 

f— • 

o 

O 

z 

i—i 

lj 

>• 

*. 

o 

_J 

rvl 

<I 

o 

w 

a 

Q. 

Q 

a 

UJ 

O 

< 

z 

2 

a 

i- 

LU 

-j 

_> 

COO 

-j 

o 

uu 

u_<i 

a 

a.< 

<JJ<_> 

CO 

tx 

<l 

_> 

3 

CO 

2: 
o 

z 

LU  2:  >-UC 

l_J  >•  -JU-I 

(X  -J  LJj5 

&         L-i  au 

a  .-»     a— . 

••  «-«a     i-i 

CO          »—  l  z»-  | 

I—         co  ><(_>«/>>• 

u  Mai-<uja>-< 

i-»         ajcuw.au 

t-i     ooca.     or_i 
llocujo    too    to 
LL  UJ  h-  u_  h-  »-■  a.  o  l-« 
LUS<      to  h- 

OO-JtOLULUCO       UJ 

UQ-^t-OUJt-HUJ 

j—  ^  _ i  uj  <*.  e>  uj  uj  <jv 
«£.  mo.  *—  _juj>-«  _juj 
<tuJt_>o  QU-JU 
t—  C5  "-'•<-<  CJ'— »-»<I  ■— 
-JOC  U_»-  U.2. 
C03*».IVIU_  XtLW> 
OCCO_J      UJI—      UJ 

ujuj  u-owiLCza. 
h-aoooiucooo 

UJ       »—  —1  QC 

Z.U.  ZU.JZU.U.Z 
<IOHOD<OU  O 
QC  (/)h»  2_t-.  0«-< 
<  QC  UJCOOC  tO  CO  QC  UJtO 

u-O-iZO     ZOaz 

H-— )UJ»—  2_U-.|—  LULU 
ULU<lUOSUUS 
CLUSi-tUiOCt-'UJOC*-' 

>t0Q>U-Q>OO 
Z 

O  I         II         II         I 
>-* 
H-  in4  X  >• 


OM      h-X      •-•>      ►-• 


CO 

\- 

Z 

CO 

UJ 

CO 

•— i 

mo              • 

UJ 

cj 

xz           « 

<r_j 

H-« 

l-t-l         • 

U 

li- 

LJ             * 

>~ 

eu 

CO^l                 • 

xo 

UJ 

<o          * 

z 

CJ 

a.          « 

QC 

o 

OtO             i 

OtO 

UJLU             • 

»— *- 

CJ 

r-cc           « 

CJ 

(X 

<IQC                 * 

uja 

UJ 

-JO           « 

j»o 

r>i 

JU            • 

>- 

o               « 

oco 

O 

o 

-J  •         • 

U'Ul 

z 

Ul 

<ItO                  • 

X-> 

»-• 

oc 

oz           « 

i— 

-J 

I-* 

o 

*-*\— 

»-• 

— » 

V*«-l    •           " 

LU<1 

<. 

Cj» 

•-4C004             ( 

X 

LX 

UJ 

Z              I 

C)|- 

1— 

ac 

IM1U2.         « 

I       <— • 

<t 

XSIQC         < 

»       > 

U. 

UJ 

CO 

"MO         ( 

►      3l 

zo 

;> 

2. 

oox       « 

1         H* 

a 

< 

<X 

►—I                  1 

i     o 

»-«z 

X 

QC 

actJ       < 

t      t— • 

i-o 

O 

ocuh- 

1        *• 

«L»-t 

.*- 

LJ 

Ul-              ' 

»     >• 

CJCOOC<l 

QC 

H-OCJ 

►        * 

OZc_>2_ 

a 

oujuj       < 

»      X 

_|UJ»- 

CO 

LU>CJ         i 

»      2. 

XO-J 

3 

>       O 

»      •— • 

UJ>-iLU<t 

CO 

K*I 

•      CJ 

2:cj->^* 

1-3 

»      ++ 

< 

5! 

z 

ZQ-Z 

1        •> 

C) 

CO  UJI—  c 

o 

<zm 

»      X— » 

O 

IOZ 

1— 1 

I-W4X 

»        •»-< 

z 

zi-a> 

1— 

_J      H- 

i      rviw 

<l 

•—      Z_J 

o 

30 

•      i>- 

3t 

U-«-H_J 

z 

coj:uj 

>      •-• 

X 

CM 

UJH-t 

a 

3 

UJ»-£X 

I       CJ    m 

3 

•> 

aj     (X 

u_ 

QC       <l 

»      I   '»-« 

CO 

rg 

>UJ|- 

UJ 

1                  ••!-« 

» 

>-IXZ 

C3 

u_xco 

1         fNlW 

u_ 

t-4 

•izi-xr 

Z 

Ol-H- 

»      <-»X 

O 

IDOH 

< 

Z 

— • 

—i 

ZU.UJ 

i      Q   • 

CO 

>       CO 

tsl>-UJ3 

CO 

OOH 

•    o— 

z 

s:     » 

XcO 

UJ 

•-<     t_) 

t     «a.^-i 

o 

^      CT 

ZZ. 

OCOC»-Uj 

z 

CO  OC+- 

i      a-— 

•-« 

XO>   ► 

*—t 

oo 

ex 

1-4 

ZUJU. 

1            l>4 

C) 

2.»-s:cn 

LJ 

COI-H-Z 

*-LU 

UJUIU. 

•        UJ 

z 

»-•  i  •_) 

z 

^00<uj 

3Z 

o^qcuj 

•    zz 

UJ 

oxo— 

•i 

ULLULLiJ-X 

au 

cj«—a.o 

l      i-»0 

2. 

»-»a.»~t2. 

F-t 

<l>>h-t- 

ocz 

X(_)_JCJ 

»      K»-« 

•— • 

►— *     ►— < 

II 

a. 

OJ 

►- 

»       3CO 

o 

ii  a  ii  o 

»-^ 

UJ 

J 

UJ 

•      UIZ 

•-•    z 

QC 

CO 

2. 

»       QCUJ 
»         UJ^. 

1- 
co 

UU 

•      _il— • 

UJ 

UU.UU. 

CJ 

1        l/7(_l 

t— 

-CH—ZH-i 

CJ 

OOOUOOOOtJCJOUCJOOCJOOOUUOtJOOOOOCJOCJOOO 


286 


oooooooooooo 
cr  O  «-"«n  o  i  «r  in  >q  r- cc  tr  o 
»TininminininirMnmmo 

UQQUQOUQOQOO 
UUUOQUUOQUOU 


aaaaaaaaaaaa 


•>  •> 

•j'm— 

»  *j— < 

■4-m~ 

> 

~~  + 

21 

>c>— 

*• » 

-» 

•-* 

acz:«-» 

i— i 

•— « 

a 

»i>i  i  — 

«* 

«•■» 

z 

uux 

^» 

-X.LU 

*—•!-•         00 

00       -J 

ii 

1  1  II 

ii 

II  z 

z 

-*-*    a 

o      •-« 

rsitr 

1— — t- 

«r»*»     «o     r— au     u> 


287 


oooooooaoooooooocooooooooooooooooooooooooooooooo 
^r^1^^^^^^t^^cji>j(\jrsjc>j(\i(\jcsjovirsjfnfnrnomirno)nirr>n><-»r>r«T»x>r>r>r>T 

mmmtS)mV>mmVimmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm 

<i<i<i^<i^^<i^<i<i«i«a<».<a<i<».<i<i«i<i<i«a<i<i<».<i<i<i<i<i^«i<i*i.<i<i<i<i<i«a<j.<i<«.<i<i^.<i 

IllllllllHIlIIIIIlIIIIIIIIIIlIIIIIillllllHIlIX 

aaaaaaaaaaaaaaaaaao.aaaa.aao.aa.aaaaaaaaaaaaaaaaao.aa 
uuuuuuouuuuuuuuouuuuuuouuuuuuuuuuuuuuuuuuu      OO 

+  +  +  +  +  +  +  ♦  +  + ■+'  +  +  +  +  +  +  +  +'-f  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 

+  +  +  +  +  +  +  "t-  +  +  +  +  +  +  +  ++  +  +  +  "t-  +  +  +  +  -h  +  +  +  +  +  *  +  +  +  +  +  +  +  +  +  + 

■^♦f-f^f*^^'t''r"*'i"t'  +  'r^»"^'r**'^*"r'r"r*^^'*'-^'rr*'^  +  ^"»,'^^*+  2. 

+  +  ♦♦  +  •►  1  ♦  *•  at 

+  +  +  +  ++                 I  2                        Ul  2      2.  ♦■♦»  UJ 

•♦•  +  •♦■+♦■►               >-  h«                     I— 1_»  CJ_J3  I-*  h- 

t  +  t  +  tt               -i  -JO              h-UJOJUJ      «l  »-*_it/)  +  ■+• 

t  +  t  +  tt              u  «a     <i             <ia.<iaj     •—  1— «a  ^  +  tt 

+  +  ■+  +  +  +             a  lu     ^.     a              •-•         *.  <i_Jcti.u  +  ♦  uj 

♦+♦+++  Ct      h      O      COUJCtU      CJ  CDUJX  + +•  o 

+  +  +  +  +  +     ujctuj  zo<il-     2  co»-^>l-  ++  ac 

♦  «♦■  *  ♦  f  +       141  UJ      UJ      to      4—1^           J-  <a.<xi_J  +  +  U.' 
"*  *  ♦  "t"  ♦  ■►      i—-Jr—  X.      J-     h      >-«<l      2      — I  h-     to  ♦  •¥ 
*+♦+++             _3  t—       H-       U       CJ^^.Uj       l_l  ^.^iUJ-a.  1»  ♦  1— 

♦  -►  +  ■♦•♦♦     iuu.  to     <i     uj*:     a  »*jcjj»  +  +  00 

"t-  ♦  +  ■►  *•  +•      MHO  O      O-JCC.      CtOO-J<l  stot-o  ■*  +  ct 

++++♦+          »—  2     2<*              Hah     UJ  <i         uj  +  +  »-« 

+  ♦  +  +  +  +       -JCtCO  »-•       i-«^-.U_       Z1S             X  KUJOX  +  +  U_ 

+  +  +  +  +  ■*      <j.<ik-  2  *^2.o     mhow     e-          ••  tO20C  +  * 

+  +■♦••+•*«♦■       HHQ.LJ  *-»_Ii—C-!                     <_)•-•                     Q  CO-a<ILJ  +1-  —I 

•f  ■*              i-      -*.     l_j  «uf«<4.^ix      ^»                 u_         uj  »-ia_     u_  +  «r  *i 

+  +              +     uj<ioc  l— t-«h->-uj     tj  »uji—     o         or.  aaj  +  -*■  3 

♦  *•              +      ^.  22.2— iuj     2t-JJ-at                  »-  -J     ujv>  ■»•  f  u 

♦  +  +  >•!— uj  CJt_'Cj«-jaL  uuuut— <i  uj  _)  <iuji— •-•  +♦  »-* 
•♦•+>  +  j<i  o2oa3  3»-  a  v>  c*  hi<i  •  +  +  > 
+  +  +  o  h-  >  2  aou_  <  uj  s:k_j  -v>  +  +  •-« 
+  +            +     ao  >_j>uj        ujao-J     x        oc  o    3>z  +  ■♦■  o 

+  +       Uj       +           UJ2  «0<IILU      OCZ      <l      a  Z   lUUO  ++-•  2 

+  +■     to     +     <ii-uj  otaoei-X     u-a*-uj                m  >jjzh  ++q  r-« 

>+     <     +         <i^>  a:     a.     h-        uaa     uj         2:  _i<i<4.uji-  ++e> 

■t» -t-       1       ♦       U_f-l-<  <iuj<a.u-           uj      <i           JL.           <i  LJ»-H_>^_>  +*2  UJ 

■»•  *      a      +•      ujo  j_      00      j_uju.uj      t—          ac  u-3E      uca  +  +  <a  j_ 

•♦■  ♦                 >            _J  >-t-l-      2      l-CO      X                    U>  Q2UJH  ♦*>-  h- 

+  +       UJ      -f       UJ<I  ••  —           3      3tO»-"                >-H-      O           O  UI2UJQCQ:  +  +    •» 

+  +•     2     +     oo>3  a         au.a»->     000c         2         oc  I>iu-H  +-»-0  u. 

+ +.      M      +      «auj-^  <JJ         ZOZO".     21— <  •>     *-*         a  KJ(-     2  +  +  UJ  a 

+  T      1-      >      x  2          ►-•     HQM     h-      .z^j      >          CD  u     oca  +♦*- 

+  +3«fa»+  <            t^     a:u     ></)*-«<i     »-•         3  u_aco<o  ++O  c/> 

♦  ♦■     O      +          V  H      ••—»!—  —I     UJ     «-4»-iO«-i     O          00  O     •-•— I  +  +    ••  2 

+  ♦    a     +    uj    o  »    co<o<tuja    o    <i2:  uj    3uj  ++2  o 

+  +       CD       +       XIU    •  <       azaZilO    •      UJZIO      UJ           2  HX2UW  ++    »  »m 

♦  ♦  3  +  K-IO  O  UJOCtOK  _JUJi/)i-«2  _J  O  CJt-(X»-*<  ++»-*  »- 
•♦•■f       U)       +            CD  UJ      *-♦-      •-«      Cfc«l_l<       >      CD           •-<  CJ      ujkI  •^■♦■(X—  3 

+  ■«•            +     uj<  11  x     uj(/}Uj</^iJ-ujt-«coxuj— 1     <r        •—  oru_»— eta  ++  »»-i  co 

■♦»■♦■                +       2>-i        •  O      Z2I200KQ.XU      !-••«_?  O      <  +  +  CC—  •"-• 

+  +             +     i-«(x,«/></>  •>    <iujt— uj     ujo1-1     I—  a     ccco     2  —i     cta_ 1  •¥+&.>-*     <r  ct 

•f  +                 +       i<  2      OT-2.      2.01|-2CtUJ                <IUJ      3  <ICtUJ      <5  ^.  +  — cc  h- 

+  +                -♦•      Ct>>2  ••    *      <»-«U.i-«l-2>-<Xt/)UJ      >UJ      U.  30Q<3  •♦■  +                O  2 

+  +                +      UJ      Oi-<  UJ*-.      aQCQiXMj>hl-I           Ct  Ql-Ct      C  + +UJ   -     t-  o 

+  +                +      H-X2  OLt                        <      O          2J—      J-C?      Q  wOOI-m  +  +</)— »  O 

+  >  +  +  +  +     ujujuj^j  2  ►    u.iucoujai—  aniuj      »3Uj    2  ><    0  ++<i^h    o 

+  +  +•  +  +  +      Q_j3<  UJct      OZI-Z      3      3ot/7U-Oaa      <.  t-»U-|—      t-t  "h+X*-      O  UJ 

■»•  +  +  +  +  +        aon  3ct        octo>auja«-»u.iact>—  o     </)  ».a  +>^aa  </? 

+  +  •¥  +  +  •¥       CSUJi  W^—      2      <l      OfZIZla      Ui32      CO  2CtOCUJ2  ♦  +       CtO—  <» 

•^  *  +  +  +  +     hoaa  ujuj     u^a<^MK«-"j:aioNOiH     uj  »-«uji-«_|t-»  ■►  *uj       «o  x 

+  ^  +  *  +  >♦•         ou.2  mm     »-•                                                     2  quo  t+zzo  •  a 

■***  +  ♦+••  <     h- 11       11       n       11                   11          »-iuj  xct     2lu  -r  +•-•«_<     <_# 

♦  +  +  *++  UJ  OX  a  h-2  "OUI<H/l  ■r+'K'-'llUJ  uj 
^+  +  +  ■*•♦  v»  2a  »-i  30  a<t  o  uj  +*_;co  •  j- 
■r  +  +  f  +  +o  it       a:                     «*              o        02  ouji— olujj-  ttQ^oz  h- 

♦  ♦  +  *  +  *      a  _j_ j     v_>                           vi»                  *-;          ix  j_     vjtuojh-  -^  ^Q-UiO"— 

>  -^  ♦  f  ■*  t»      ct.  — i_j     «/>                         uj                 2         au  t—     a.     <i  ttaii^.  uu 

^  T  ^  T  -T  T         _J  <14        UJCt        1-4                     2.                            «*               _J  UJ        »-«U-J_U-  +T_/»-»«4.U_  1— 

♦  f  *  r  ♦  T     a  00     «-Jol     ex.     2     o                 i—         to  2.     u-uu-u  ^♦tocji— •—  __> 


00000000<-»OOt-»OOOOCJ<-JOO«_»OOOOOOt_)t_)«»JOOt-'00<_«jOOOOO 


288 


oooocoooooooooo 
tr>  O  •-«  oj  rn  ««r  m  vQ  !^  a>  cr>  ©  •-»  ™  m 

tO  tO  tO  tO  tO  tO  lOtOtOtO  tO  CO  CO  tO  tO 

<K.^<i<i^.<i<i<a<i  <i<i<i<i<i 

IIIIIIIIIIXII1I 

Q.aCLQ.Q.Q.a.Q.Q.QCLCLCLQ.Cl 


ai  w 

to  •     a> 

tu  cj— r- 

a.  zottn        o 

j-  OCT          U> 

•  *<\j        2 

U-  —      — *•-•    •  < 

C        »-•    0>r*-         + 

w  •  ^•lf\  O 

^>        at—  »za         2 
to     z  |  mo*io     0<t 

tu     "Hiua    •<i<i     t?     vu 

X         liaLQlli  CVJ        113 

I-     >-««_>  I  >  li  ll       II       2  2 

**  C      Q*-1  it 

i.     ni  it  »•—  <xi_i  «--<_>  of-  -J 

a.  oo     oi£*£  »— i 

uu     (j^.^»-«<a<i.vj'«*»— 1_>     an 

«a 


289 


oooooooooooooooooooooooooooooooooooooooooooooooo 


333333333333333333333333333333333333333333333333 
i.2.2.iiiii2:2.2.Ziii2.S.iX2.ia.iZ2i.2:Zi.2.Z2.2ii2.a.i.i.i-Ji.i.2.ii.2.-i-i 

I    II    II    II    l|    II    II  II    II    II    II    l»    'I    i»    'I    It   II    H    '»'"    'I    I'    'I    'I    II    H    II  II    "    II    "    M    H    H    "    "    "    "    "    *****    "    'I    ''    ''    "    "      '    ' 
t/)COt/)</)COCOl/>tOCOCOCOCOV>COt/7COt/>COCO(/5C'!t/)COtOCOCOtOl^ 

UUUUOUUUUUUUUUUUUOUUOUOUUUUUUUUUUUU   -*  •*-•'-' 
4444444444444+4*444444444444++4444+    *— «-o 

4444  +  +  +  4  +  4  +  4  +  "*>  +  +  +  +  +  +  +  "*>  +  +  +  +  +  +  +  '*  +  +  +  +  +     — oluco 

444444+  +  +  +  +  ++'+-i>+++  +  +  +  +  +  +  +  ++'++"*  +  "»'  +  +  +      OO-J  X 

+  +  +  +  +  T  +  -r  +  +  +  +  +  +  +  +  +  +  +  T  +  +T  +  +  +  +  'r  +  '+'+'T'r  +  +     o«»t—  u. 

4  4  44  4-t-  «/>  4  4     in— »—<i 

4  4  4  4  4  4  UUI  +  4       «-*-"l-t/) 

444444  U.U)             UJ^>  +>  +        CiO.^    •» 

t+  +  t+*  l_J»—       UJCOCC  UJ  ♦  ♦       t/)    •>  ■»» » 

-T4-T4  44  o^.      X3UJ     co  X  ♦  ■*■      X*"**»0 

t^tttt  _JUJ«v>h-      co      UJ  UO  I— tu  4  4      0.00*3 

4  4  4  4  4  4  *-*■-.     >-        •-«  ujtu  x  4  4     ooo*r\ 

44  44++  zo     >-jco    o  H-»-  it-  ++     oir>in*~— • 

f   *   +   *    •+■  T  U-'MLJCLJI-  UJ^l  _ >_>  I—  4  4           »»->»l/IO 

•r  -|-  *  f  +  -f  O-ULl/l       ««4XUJUJ  0.0.  »—  i£  4  4       «— UC.O<_#>r 

-t..f44  4f  0"-.<r.02.|-       J  2-3L  Jtl-«UJ  4  4       VO«aUJ<— 

+  +  f  +  +  +  ujuuja.     »-o  OCJ  oc  +•♦0  •\*-ix.-« 

44444+  ujoq-»-<cj    atu  wo  e>o<i  44    u-v— uu.5c 

4  4+4++  xocou_z  •zoc  zuj  +  ♦     «*o<3a: 

4  4  4  4  4  4  »—      LUfM      21      U.  OO  oaco  +  +      OO   •*  "^ 

4  41  *•  4  4  4  aauvxih-  ^^  JU>  4  4      <iuaj_»-u. 

4  4  -t»  +  +  f  u_lj     uu«-«qcxuj  •  »-••-♦  o  «ai— •«.  4  4     i-uuu 

-r  -r              *  i_»t— .*-u.      ovy»— o  ujuj  u-j  v/icr  4  f      (_)<j«**_j  •**• 

+  +              4  <iut/'ZO'-,iuiu  aiau  or  o     or.  4  4       »<i»-<cn—  o 

4  4              4  tucoz     <iar.2-or.cj  •—  luuj<i  44     --2.  »«-«co«T 

4  4                    4  cs^UJLL,  J_U-       0<1  CUUl  ^JUJ  l—Ol  4  4       OOCO    »>0«— 

44                  4  21U3UI-      XcOO.  OO  OCO  3<IUJ  4  +       <M   «*:C~»0»-i 

44            +  oaoz    u.'0»-<co  zz  uj<i  a    co  4  +     <-•— •  »©»-«o 

4  4                  +  Q-2IUJ<_JX»-iO  <<I  CtX  2TOLU  4-+       CO©»--<r   «KX 

4.  +     <     4-  t/)oa:<x<ti-x     >  choc        a.  oujx  ++      ••><■  •*«- — 

+  +     _j     +  luoLi-     >     jeuj_i  vj  ut-t-  +  +     —  «*«-«i«:o  •» 

+  +     _j     >  oc        >acu-     xulj  >•>-  a.  •■  zt  ++     ocjo-aco— 

•r  -r      2.      4  uaiuiL'U^i-"-"  0<>J  <iaj  u>u-  ^  4      c\j(/i  »iino 

*  +     —     +  >-ujx^ci—     ^    »-•  ^^:  aii-  ujz.  •  +  •*•     «-,<<rui«'<T 

44     «/>     >  op»4i-uj«<ii-<m.^  ujuj  co  3u«i  •  44     «au.zoN- 

4  4               4  Z>-«     D»-ia:UJi-i  3Z)  OQ.  JOOK  ++        »0  ►uu.or. 

4  4     ai     4  ujz:    a    <a.    uu  caro  a:  <    tuz  ++     e>om  »u.q 

4  4     z     ♦  3i-i  •ujoiCL     cor*  ujuj  a.  •■  >tuor.uj  4  4—  uu  «»2:ooi--oi 

4^     ft     4  ot— actiu     t— X«i  ataf-  <uz  acu-i.  4*j«;i.—  «-u.lj 

4  +       H-       +  LUQ.11JU.C022Q.  LLU.  IDCD  UJ<13UJ  ++<OONZ    •  •* 

4-»»     z)     +  aoz    zo<l<a  ••  ooor:  <yo        t-  ++zz>rz»— — 

4  +      O       +  U-      hiUJUJi—  ZalUJ  UOLLLL           Q-  <>Q<1  ++S,*-  »XOO 

4  4      QC       4  UJiXQt-OOlO  acoo  Z  XlXiZt—  +4    •fcQ^-*ZO>T 

4  4       03       4  UJXor.»—      «/>      Z>  UJ  LP   *  CLX<00  4  4^U>t^Z    t-UAw 

44       _>      4  Xt-UJ      <TTN»UJUi  —      H-UJUJ  hhO  f—  +tH|- <t    •—  ^»-i 

4  4       GO      4  |_      j_oC      i-iOCXt'J  X      Ui3Z>  h-O  C        *il  ++ZZU-«CMZ 

4  4                 4  OCUJUJi— 2;      H- X  «*       2._1_J  Ott  ZXOO  4  4  -S    oOOOXQT 

44            4  ujuiu><m>    t—  2:    <k<s  za  <ioto3f_  +  +-zuomu. 

4  4                +  l-t-      O      hZZ  jE      Ct>i>  J  »-«X»-  4 -t-       X   ►IH-'i-i   •» 

4  4                4  DU.Z      »— Q.<»-«>-  ••    •>     <t  X   ••  Ollau  4  +<hDwUQ- » 

44                 4  Q-<UJOr3CI           03  UJZ      Q-3E.2T           S  OJKO  ++JZW>0<    *0 

4  4                 4  3:      UJUJCC      3CO  Oi-h           Z5Z5  QOT.  3      CO  4  43   ►ZviS-^t           OO 

4  +  44  +  +  OZCOJ-      ILODZ  ZX      U-ZI  ZO  l-f-      LU  ++2Q-KO*'             ••© 

44  444+  UUJ      3   ►IIOUJ  LUJS      Oi-h*-*  <Z  •-*<    »X  ++«-«OZQ.    »O0f:           OO   • 

+  44444  j-ujQ-ctt-O'-'U)  3-'           ZX           O  Z      e>H-  4  4COZOO— IT>Z      O          O 

444444  cjco>21uj        >(_>  o<i     z»-i<i  00  oco«a:  4  4       »-z  ►o—'oc     o  11  11 

4  44  44  4  K>«30V)2UCDX  UJ_I       02.2.  UJ  <UJ£«I  4*UJZ«— OO            «>             II 

4  44  44  4  WI03*-il-U0  C03      »-  Z   •»  Zh<h  4  4ZO— om<az        *— — 

4  4  4  4  ♦  4  ••  2.      K  II   II  i-<-J  Ovi^  -r  *»-i^: Og««XU      hmm^uj 

4  +  4444  UJ  Oi-h      Q.  H-<  UJZ  4  4 1—      0^0<I»-«       II  «*«—♦-«  3 

4  4444  4  CO  ZCO      »-  3>  XUJCOI—  4  4  3ZIT»— UJCOCO      •-•COUJ—'Z 

4444440  |-1         or.  00-  ••t—^^Z)  ttoo«-oca   «»-i         CPCOC3*— 

4  44  4**  U.  —»-i      OZX  Ot  UJ      0«lU.  T+aZOWit-w      «-HJJJ><«.»— 

4  44  444  OL  -J— »        COI-l«Bl  UJ  »—       UJOT.I—  f  +  OJilLi     HJi              U- U.  i_  ^. 

4 -r -r  «r -r -r  _j  «a.«*     u>2:2.  -*  o     ar.ar.-J  ▼  4— ;cjar.u.—  %j>—     uu.««iu 

4  ^  -r  ■+  <+  4  Q.  CJCJ       LJJS^S  V)  ^       U-«*.0  4  "«-COCjU-VJM\JU>CJ       U3jC»/<V)«_; 

4-T4  +  *4  f"»-  -*t\ilM>T 


uuuuuuuuuuuuuuuuuuuuouuuuuuuuuuuuuu 


290 


oooooooooooooooooooooooooooooooooooooooooooooooo 
o^©"-*  cm  o  i*r  lo  >o  r-  <x>  u>o  H(\jni>T  in  .o  r~cccro»-<cM(o>j-tf'\vur-  X)  u>Q*^c\jiM<rir'.sor^-<»cr«y»-<  cmp  >^Lf\>o 
>rininin»nininin»r\inin^^>o>o>o>o^vO^<oi^r*i^r^r^r^f^r»r-r^aJc«ocooa3 

ii2.iZj.ii2.i.2.iS.xiia.ii4  2.aLa.a.a.ii.aL2.ii.i2.2.iiii.2.iiii2.iza.ii 

coc/)t/i</iiototocotototocotoiot/7coiocov></it/)cotocoi/)coc^ 


Z3UJ 


cm  to 

*  JS 

*^ 

CX  — 

z^ 

w" 

LU  — 

CM  CM 

UtO 

•** 

uo 

** 

+  LU 

!-•»-« 

CMCX 

zz 

*  u> 

LULU 

*  JC 

CJU 

»-# 

<_#<_? 

^.t"* 

-t»  f 

ma 

CM  CM 

L-J  — 

** 

W2 

** 

'■*!    1 

oca: 

>-t/> 

zz 

<x«— 

LUUJ 

0— 

DU 

toco 

<_*CJ 

V.CU 

«^»-» 

-»<l 

^■v 

rvj* 

«■»*■» 

*  — 

1  II  1 

■** 

ZZ 

at-* 

LUUJ 

2:0 

ou 

3<a 

CJC* 

zr 

*  * 

I  Dili 

O  ZQ 

LU  'JO 

i.  ►  * 

l_l  — — ■ 

>»  totom 

— .  C30   •» 

—  tULU«a* 

Z  CtQC 

»-«  LULL.*— 

21  33- 

jC  *  *CM  C?<J       mOI 

—  00*  +^>    2:2: 

O  •    •*  CM  II        J3 

*-*  m  0001  fl-—    zz 

O  *  •>  *Z  *  *C      CJtJ» 

O  —  ZOiii  hh—      +   I 

totoo  2:0    oca 

ZZCjr  3«l      ZZ 

•>  *»*  ^3L       LULU 

zqcmo  o<     oa 

toco#m  —to     arar 

U-LLt-iLUOO  CX-*      Ctt-i 

ooz  •mm  o^    2:2: 

OUOUUH++  to   «-»33  — 

o^-"— lj    lulu        u— i:z 

u>  c?  II    •  •  II luvicja  •     Z  ac        •       t^HHi-t-H       •     2 

•.„l_l—     ~4-*  •  .£— —        <J>      •— .        oq»-*2:cm  ••««•>•>    o      •» 

•-KKil -"-L.^  Ui       LU       f-H»-<LU       .£U2aJZ%U><'«U>t>oUCMUJ       i— I 

11  » ex*  11  11  in*: o~  11  n -3      •     11—3    oaau-oc-"--  — 4  •     u 

^o-Q-cj—  — -ivi^        z    r-    «-«*z    oo-luq-lu  co     -7 

OCJ—  >H  MO  |flO-*»OOM«*-t-M       Z  CX*"* 

11   11  lulu  rvi     uj  m_J_J— «tif,2£»-«x— «//2£jt|—     <-»      -o_st— 

i.tx.11    II  II  CX  _J_J       i.— —  i.       U-« 2  U-^i 

raiu-'U-  L_)       U-  t_J«l«».U-<lCt.»-"t_J<lU~LLJCX»-l(_J        LL.        LJCJLJ       <i  <i  LU  <l  LL.  IX  Q.  U-  IX  LI.  l_J  U_ 

4.JZ.-X.  J.>-l>4        t_l-7^  LJLJV-»l-«COCJLje;cO»~'Ut-CJtJL_>       >-1       L-ltJLJ       (JUMUM^jS^iliOM 


z 

z 

to 

co 

H- 

1- 

C£* 

cx 

z 

z 

■> 

•• 

r— I 

i-H 

* 

5C 

ex 

ex 

JE 

-fc 

LL 

LL 

—O 

u 

•-!<■■> 

•• 

3L-* 

1-4 

CCZ 

z 

OCX 

ex 

z  * 

0 

xa 

tx 

►ZCOZQO 

r-oc 

IX 

— » 

z  ~o  »c 

O 

r- 

•— • 

*r-i-r^H- 

.-i 

— 

:XZ 

z 

0 

z 

CC    m_>   »cj 

O 

h- 

to 

3>«:o^<J3 

H 

<; 

u-ct: 

CX 

O 

LL. 

03' 

-3  — 

a 

O 

c> 

OU.OU.O 

0 

0 

wO 

•O    • 

— » 

0000— — 

— » 

.-1 

r-  11 

2:  w  UJ  — »  LU  >T  m  O  LO  ■"T 

—« 

291 


OOOOOOOOOOOOgOQOOOOOOOOOOOQQOOOOOOCOOOOOOOO 
a.  i  2.  a.  21  a.  i  2.  2.  a.  a.  a.  2.  2.  i  2.  a.  2.  a.  a.  2\  a.  2- 2.  a.  2.  a.  a.  2_  a.  2.  2.  2.  2  2.  2.  2.  a.  a.  2.  a.  2. 2. 

v'toi/ttototovjtototoiototot/jtotovviotovjtototototototovjtoioioirvjc/^tototov/t^ 


to     to 


C3C       CC 

z    z 


—    o    u 
(\J      »     •. 

2_      t-4     _ 

CL       O       Q 
O       Of       Of 

z       -      * 
x    ocooto 

00       K       H 

—  ^CM    »0   *C 

-5  »>2:coi-ooi- 

«-       stctz    z 

<->  OtO   »K_J    *»0 

to  SZiiOSiO 

«X  ULXCC       CC 

U-  CSS-3- 

O  <-».-»li_OU-0 

o  —2:0  «o  • 

US-Z  •  »■— lf«r-«—liH 

—  (_jxa^s:f\i  •»«•»•» « 

~»:j     CJ  11  aojact>'*»»'«-«'^ 

S£Z     O     u-uua  uj 

IXM         -iC     •—     ►-•ujujujujujo 


U  •>     U  •> 

UJ»       ll;- 

^V)     zto 

O 

UJUU        (_>UJ 

• 

UZ      uz 

O 

Zi-      *£•-< 

00 

<l-    <t»- 

p-l 

CD^>      CQIJ 

* 

<ll_l      «nj 

V) 

QL             (X 

JE 

t/)CU       tO03 

1 

SO      .sto^. 

CD 

— "              *■ 

f*- 

2:0^2:0- 

irv 

UJ^    MJJZV) 

cp 

f-~  -   »-.—  »— 

IV 

uj(_)tr>u;(_n_i 

0 

• 

>>ZI-.>-ZL3 

• 

•*■ 

tOt-HJtOt-tU. 

— — .    a 

m 

U-CJ      UL 

cjo     ao 

■w- 

uj     otuj     a 

Z5IJJ      »-• 

0-. 

xi-    11-a 

ZO        1 

<s> 

hOQCI-OI- 

OO      — 

3Z 

00    o<t 

ZZ       5£ 

^ 

u.a:hu.a2 

<Kl       ** 

mm 

CJ      <ILJ      h- 

»   •»      t_j 

X 

aia     ua2. 

—       I/O 

— 

^ll-UJZt-i-l 

*-JC       X 

t/> 

«■» 

UJ<X2.LJ<L4C 

— ■        Q. 

0 

^» 

»-«Oi3»-«QC.UJ 

</>tO        <t 

UJ 

-3 

l-<ZI— «ta 

aa    to 

oc 

.»■— 

<a    <o- 

LULU       11 

UL 

—O 

— iuj3l_ ia»a. 

cccc     — 

3 

-><s. 

— IDtOUJOlOUJ 

u-ul     *: 

# 

"--s: 

—2      l-X      H- 

J3Q- 

|_4 

uo< 

»  »-<OtOi--OtO 

*   HUU 

Ck 

C3TO) 

*to^><^3:>- 

2CDWH 

— 

UJ— 

U)     !-</>     i— to 

WWOIH 

1 

ao 

ZUi           UJ 

zzza- 

m 

U.-« 

H-it0OU.100OLL! 

•»  »<i«o 

2»1 

_SO 

~z<r»-x<t»-x 

•— ••— 1  l  tot— 

— • 

— C 

— oix     i-x     t- 

zau>        1 

LOO 

O-J 

»  «a.a.to     Q-in 

C«3-C2W) 

*-*< 

1  3      -JO      _IO 

-  •ZOOM 

0* 

•  *IU«JZIU«JZ 

ofafO  • 

— Q. 

00 

—  X<«-iX<h-. 

ZQZO- 

5^< 

-J  • 

N-HUU.HOU. 

OOf  CL.**-    •  •-«' 

—to 

o<ro 

r-ao- 

O*"—      H-    «CO 

O      fM 

»  ••  »ujo  »aJO 

LP.                  II    JliJU  || 

m  II 

-  -  -  XI—  XK 

•-UJUJ         «ZUJ 

•>       R 

o><-     ©»- 

■-noto-**:  «a.— • 

-H-* 

•  -  -      0-      a 

II    «l<i^ilLXUJ 

II  T- UJ 

w^wLuiuvlUUJ 

^II«hO^«D 

-V-— >Z> 

o_i    o_i 

Q-C3HJ<!VI 

CJZ 

00— Z 

Z      l~»-l-Zi-»l-Z»»« 

1-4            </?0»-* 

11  to«-» 

dOOM 

OL        <^<«-H<l<tl-«< 

»-«-J-JX*»">— 

XI- 

r-tU-<l|— 

^     a.2.2:tou.2.(/ju. 

-IJU. 

VJCL^l 

a.2.^ 

1—        U.CCOC              CL.              (-> 

LJ<l««.«4U_U- 

-**.<_) 

t-iu-<n_» 

UJ       tJLJLJ-  -  l_>»   -   Z 

t_l  O  t_»  l/fl-H  t— •  1 

>-.<•>(_> 

usvju 

CI         U.U.U-              U_              UJ 
-«<\l       T-HC4 

O 

<— • 

»>j          «»» 

>iu>so         r- 

292 


APPENDIX  C 


EESCEIPTICN  OP  FOBTRAN  VARIABLE  NAMES 
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ECETBAN 
VABIABIE     ONIT 


DESCBIPTION 


A  (I) 


None 


Array  containing   the  coefficients 
of   the   plant   transfer    function 


numerator 


ADAMG  (I)    db 


Array  containing  the  desired  cpen 
loop  magnitude  response  in  db  at 
the  discrete  frequencies  specified 
by  the  designer. 


AMAG(I)     db 


Output  array  containing  the 
magnitude  or  the  cpen  loop 
freguency  response  in  db  at  tke 
discrete  frequencies  specified. 


ANGDEE     Degrees 


Phase  angle  contribution  of  the 
open  loop  system  transfer  function 
denominator  at  a  specific 
freguency. 


ANGDEE     Eadians 


Phase  angle  contribution  of  the 
open  loop  system  transfer  function 
denominator  at  a  specific 
freguency. 


ANGNUE     Degrees 


Phase  angle  contribution  of  the 
open  loop  system  transfer  function 
numerator  at  a  specific  freguency. 


ANGNUE     Eadians 


Phase  angle  contribution  of  the 
open  loop  system  transfer  function 
numerator  at  a  specific  frequency. 


E(I) 


None 


Array  containing  the  coefficients 
of  the  plant  transfer  function 
denominator. 


CO  (I)       None 


One  dimensional  working  array  used 
primarily  in  reading  polynomial 
coefficients  and  inputing  data  to 
root  finding  subroutines. 


COF(I)      None 


One  dimensional  working  array  used 
primarily  to  store  resulting 
coefficients  used  in  checking 
accuracy  of  root  finding 
subroutines. 


COFASN(I)   None 


Array  containing  the  coefficients 
of  the  cpen  loop  transfer  function 


numerator 
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F0BT8JH 
VABIABIF     ONIT 


DESCRIPTION 


COFASI(I)   None 


Array  containing  th€  coefficients 
of  the  cpen  loop  system  transfer 
function  denominator. 


COFWBK(I)   None 


One  dimensional  working  array  used 
primarily  to  temporarily  stcr€ 
polynomial  coefficients  in 
performing  polynomial 
manipulations. 


DELPHI     Degrees 


Difference  between  two  numerator 
phase  angle  ccntritutions  at 
successive  discrete  frequencies. 


DELPSI     Degree: 


Difference  between  two  denominator 
phase  angle  contributions  at 
successive  discrete  frequencies. 


DIFF1  (I)    db 


Difference  between  the  desired  and 
actual  magnitude  of  the  open  loop 
freguency  response  at  the  discrete 
frequency  values  specified  in  the 
input. 


DIFF2  (I)    Degrees 


Difference  between  the  desired  and 
actual  phase  of  the  open  loop 
freguency  response  at  the  discrete 
freguency  values  specified  in  the 
input. 


DMAG(I)     None 


Array  containing  the  desired 
magnitude  response  at  the  discrete 
freguencies  specified  by  the 
designer. 


DQPHSC(I)   Degrees 


Input  array  containing  the  desired 
phase  profile  of  the  open  loop 
system  at  the  discrete  freguencies 
chosen. 


DSFQ 


Eadians    Interval  to  be  used  if  discrete 
freguency  values  are  to  be 
incremented  linearly. 


FBEQ(I)     None 


Logarithm  of  the  discrete 
freguencies  used  in  constructing 
abscissa  for  Bode  plots. 


GAIN        None 
GAINCC      None 


Gain  of  plant  transfer  function 


Gain  of  compensatcr  transfer 
function. 
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FOBTBAN 
?ABIABIF 


ONIT 


DESCRIPTION 


IBB 


None       Input  integer  to  be  set  equal  to 
unity  if  the  desired  open  loop 
magnitude  response  is  input  in  db, 


IEBBXF     None       Output  integer  indicating  the 

completion  code  of  the  minimization 
routine. 

INFORB     None       Alphabetic  input  indicating  if 

coefficients  are  tc  be  read  ic 
factored  cr  polynomial  form. 

IPLOT      None       Integer  input,  to  be  set  to  ucity 

if  CALCOMP  plots  of  results  are 
desired. 


IZOH 


None 


Integer  input  set  egual  to  unity  if 

there  is  a  zero  order  hold  in  the 

error  signal  path  prior  to  the 
plant  and  compensator. 


KNOW       None       Integer  input  indicating  if 

discrete  frequency  values  are  tc  be 
read  in  or  incremented  linearly 
from  the  minimum  frequency. 


NEODE 


None 


Integer  input  to  be  set  egual  to 
unity  if  Bode  plot  is  not  desired 


NCD 


None 


Order  of  compensator  transfer 
function  denominator. 


NCN 


None 


Order  of  compensator  transfer 
function  numerator. 


NICHCL     None       Integer  input  to  be  set  egual  tc 

unity  if  Nichol's  plot  is  not 
desired. 

NMINFS     None       Integer  input  to  be  set  egual  to 

unity  if  a  nonminimum  phase 
solution  is  to  be  allowed. 

NOMEG      None       Integer  specifying  the  total  number 

of  discrete  frequency  points  being 
considered  in  the  input  frequency 
response  profile.   This  number  must 
be  {   500. 


NSD 


None 


Order  fo  the  system  open  loop 
transfer  function  denominator 
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FCBTBAN 
VJBIAfiLE 


ONIT 


DESCRIPTION 


MSN 


None 


Order  of  the  system  open  lccp 
transfer  function  numerator. 


NTPD 


None 


Order  of  plant  transfer  function 
denominator. 


NTFN 


None 


Order  of  plant  transfer  function 
numerator. 


NYQST      None       Integer  input  to  be  set  equal  tc 

unity  if  Nyguist  plct  is  not 
desired. 


N3 


None       Dimension  of  array  containing  plant 
transfer  function  numerator 
coefficients. 


N4 


None       Dimension  of  array  containginc 

plant  transfer  function  denominator 
coefficients. 


CDENI      None       Value  of  the  immaginary  part  cf  the 

system  open  loop  transfer  function 
denominator  evaluated  at  a 
particular  frequency. 

CDENH      None       Value  of  the  real  part  of  the 

system  open  loop  transfer  function 
denominator  evaluated  at  a 
particular  frequency. 


CMAG(I) 


None 


Output  array  containing  the 
magnitude  of  the  frequency  response 
computed  for  the  open  loop  system 
transfer  function  at  the  discrete 
frequencies  specified. 


CNUMI      None       Value  of  the  immaginary  part  cf  the 

system  open  loop  transfer  function 
numerator  evaluated  at  a  particular 
frequency. 

CNOME      None       Value  of  the  real  part  of  the 

system  open  loop  transfer  function 
numerator  evaluated  at  a  particular 
frequency. 

CPHSD  (I)    Degrees    Output  array  containing  the  phase 

of  the  frequency  response  of  the 
open  loop  system  at  the  discrete 
frequencies  specified. 
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FORTRAN 
VARIABLE 


UNIT 


DESCRIPTION 


CPHSR  (I)    Radians    Output  array  containing  the  phase 

of  the  frequency  response  of  the 
open  loop  system  transfer  function 
at  the  discrete  frequencies 
specified. 


SAMAG  (I)    db 


Array  containing  the  magnitude  of 
the  simulation  of  the  resulting 
optimized  system  transfer  function. 


SAPHSE(I)   Degrees 


Array  containing  the  phase  cf  the 
simulation  of  the  resulting 
optimized  system  transfer  function, 


Sees 


Sampling  period  if  a  zero  crder 
hold  is  present  in  the  system. 


WFREg<I)    Radians 


Array  containing  the  discrete 
frequencies  specified  by  the 
designer. 


UMAX       Radians    Input  specifying  the  maximum 

frequency  value  of  the  range  cf 
frequencies  being  considered. 

HMIN       Radians    Input  specifying  the  minimum 

frequency  value  of  the  range  cf 
frequencies  being  considered. 


SS 


Radians    Output  giving  the  sampling 

frequency  if  a  zero  crder  hold  is 
present  in  the  system. 


XS(I)       None 


Array  in  which  values  to  be  varied 
by  the  minimizaticn  routine  are 
stored.   At  the  start  this  array 
contains  the  initial  guess  of  the 
coefficient  values  and  at 
completion  the  array  contains  the 
coefficient  values  that  yield  the 
minimum  cost  functicn. 
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